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‘Tn 1897 Sir Charles Parsons read British lnstin 


tution of Naval Architects” an article on “ The Application of 
the Compound: Steam Turbine’ to the Purpose’ of ‘Marine 
Propulsion.” During the ensuing discussion he made the, fol- 
lowing. to fifteen knots screws “should, be, 


be trade to work, ‘put the of large wheels 

wasa questionable device. 

| ‘mountain’ peak. from ‘Which ‘Sir. ‘Carles viewed the’ 

| future was not’ of Sufficient’ height; his horizon: was limi nited. 
It did not include either electric or hydraulic gears nor, ‘what is is” 
of still'‘mdte’ importance, did it include the’ present. day require- 

“ments for powers of stich’ magnitude that the fitting of. direct 
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| the turbine would be: applicable to all classes of ships.” 
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connected slow speed turbines for the development “i these 
powers is prohibited by the. enormous sizes of turbines which 
would be required and the practical. dit ffictilties which would be 
encountered in oe and in ming them on board 
ship. j 
“In the few since the first: of ‘the 
of mechanical reduction gear as installed on board ‘the 
Vespasian, the application of the invention has extended from 
the modest power requirements of that vessel to the enormous 
demands for power of the British. cruisers Courageous and 
class and the still higher. powered Hood. 

In about the same period of time electric propulsion has — 
‘grown from the small initial installation in a Chicago fire 
tug to the 30,000 shaft horsepower of the New Mexico, with 
the contemplated 60,000 shaft horsepower in the latest designed 
battleships and 180,000 shaft horsepower i in the battle cruisers. 

Hydraulic reduction gear is a German invention and its 
development has Been seriously interfered with by the. Great 
War. Up to the breaking out of the war the largest installa- 
tion made was that on the Koenigen Louise, a vessel which 
was sunk off the coast of England in the struggle, 
engaged i in laying mines. i 


CONDITIONS PRODUCING NEED FOR “ REDUCTION ouans’? 


"When the axial flow turbine first sade its appearance in the : 
field of marine propulsion, the turbine was connected directly. 
to the line shafting driving the, propellers. A necessary con 
dition for turbine efficiency is that the revolving buckets or ” 
blades shall have a very high peripheral velocity. On the other 
hand, the requirements necessary to produce high propeller | 
efficiency are low peripheral velocity of propeller blades, nar- 
rowness of blade widths, and large. propeller diameters ; these 
latter requirements mean that, for high. propeller efficiency 
when absorbing any given amount of power in a propeller, the 
revolutions of the propeller must be 
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‘It, will be seen from the above: that: the requirements for 
turbine efficiency and are: 

~ The, designers. of thé, pathic doa! 
marine propulsion deliberately, neglected the-question of: 
peller efficiency: to such an extent that: the whole problem of 

economy of propulsion was so stated to the public:as to elimi- 
nate the question of the propeller-from the problem and make 
it appear that the turbine economy: was the only factor to con-) 
sider in, solving the problem for “economy of propulsion.” 

‘When the direct. connected turbine is fitted inany vessel: 

which operates through a wide range of speeds and whose 
_ ordinary operating speed and power are much below the 
designed full speed and full power, the loss in economy be- 
comes much increased, as the steam’ consumption of the turbine 
per shaft horsepower delivered increases as the power being 
developed and the revolutions of the turbine decrease, slowly 
at first but increasing rapidly, as the amount ofthese decreases. 
in revolutions and power increases, until at. very low, percent-. 
ages of power as compared with designed POMPE 
consumption becomes enormous. , 

This peculiarity of: the: of the im-. 
portance when considering the question of. the type of ma- 
chinery to. adopt for propelling purposes in: the cases of fighting) 
ships, . These vessels in addition to yery high power and;high 
speed requirements must also.be capable of holding the sea for. 
long periods. of time without the, necessity,’ for .refueling as. 
frequency of ‘refueling i is.a factor of, vital military, importance: 

When merchant vessels are considered this question. of \de- 
crease in economy, of the, turbine need, not. be considered, jas) 
such yessels steam at or near the designed speed at.all,times.. 
when i in, free route and. the engines are, therefore developing, 
designed or close to, designed power, so. that; the, full power , 
economy is being approximately realized 
usual, service.conditions, bas of 
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In the case of) war vessels; therefore, itis necessary to pro- 
vide-such an arrangement of;machinery as willorender’ good 
economy not only at the designed speed and powerbut ‘also at’ 
theismall fraction of this power is tow 
cruising speeds ‘usually employed. © 

For both: vessels of war and for chips) : 
any Steps which can be taken to increase the general economy ’ 
of ‘propulsion are compulsory when means for doing this are’ 
existent and: the! object of’ this paper is to outline the>steps: 
which have been taken to date to increase the economy of pro-* 
pulsion of war ‘vessels and:'the step common’ to both vesséls 
of war and of commerce: ax 


_ COMPARATIVE, STEAM. ECONOMIES oF. ‘TURBINES. AND. 
RECIPROCATING. ENGINES. 


of the ‘economies of the types” 
of engines, as the’ typical Naval’ reciprocating engine the en- 
gines of the Delaware have been taken although they are not 
the’ best of their type, those of the Texas and New York and, 
of still later date, those of the Oklahoma surpassing them in’ 
economy’ ‘under similar’ steam conditions. 

‘As typical: turbines, those Of several’ destroyers, ‘some with 
Curtis and’ some with Parsons turbines, have been’ taken, al-” 
though ‘by doing ‘so the reciprocating engine is again handi- 
capped as higher economies of the machine’ are realized in’ the 
small high-speed ‘destroyer ‘turbines than can be attained with 
thé ‘heavy battleship engifies’ of tlie same’ type.” 

The reciprocating’ engines chosen have 4 ratio of H. oN to 
L. P. eylindér of about 1 'to'9, a ratio of | expansion ‘of about 11,” 
a pressure at the ‘throttlé of 265 ‘pounds’ per gage anda” 
-vactam in the’ condenser ‘iriches,' the piston at! 
‘designed power being 1,000 ‘feet’ ‘per 'minute. 

“The turbines operate with a’ sted ‘pressure of 250 pounds’ 
per gage at the throttle and a vacuum of 28.5' inches of mer- | 
cury. 


{ 
. 
‘ 
j 
¥ 
bos 


PASSING OF THE “DIRECT-CONNECTED TURBINE. 


ting Engi Dry Steam at Ticottle. 
Superheat at Throttle as per Curve above. 
E) Persons Turbines driving Reduction Gearig 
F Curtis furbines with Reduction Gear tyr Criising 
1G Curtis driving Reduction Gearing. 
Reduction 6eag Curtis Turbines Steam 
Exciters, Circulatin Air, and Oil cooler Pui 
ful Of 
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BASIC POINT OF COMPARISON. 


In order to compare the efficiencies of the various types, of 
engines and the’ efficiencies of propulsion of the different com- 
binations of these typés-as- appliedto the-actual. work of pro- 
pulsion, the designed power of the engines has been taken and 
ig indicated as “100 per cent full power. a 

‘On Fig. 1 are shown curves of water consumption of ifn 
engines only, in. pounds perhour per shaft horsepower: 

at throttle. 

Reciprocating” engines, with supeheata 

Curve 
‘turbities contiected to the propeller shaft 


ite with Reduction’ Geared Cruising. Element for use at low 
powers. 

Parsons turbines dtivitg Reduction Gearing as the main 
propelling unit. 

and F. Curtis to the 
shafting with Retieses Geared Cruising Eat for use at 
low powers. 

Curtis turbines diving Reduction Gearing as the main 

addition to the curves, is the Grieve which 
gives. for electric propulsion the water consumption per hour 
per shaft-horsepower on the propeller ‘shaft, of main gen- 
erators, exciters, electric boosters, main. air, main. peireufating, 
forced lubrication and oil cooler pumps. 

All of these curves are erected on of 
full power of the engines” as abscissas while the ordinates are — 
“pounds of water per shaft horsepower on the propeller 
shafts” and degrees, Fahr., of superheat. _ 

By examination of curves A and B it will be found that 
where superheat is applied, even in such small amounts as 
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shown’ by the superhieat! ‘curve given; the advantage derived’is 
“Of such’ great’ amount’ be ‘worthy of the most’ serious 
‘consideration. "Thus for the case i! question, the gain in water 
consumption | at 30 per cent’ full power, with 41 degrees Super 
heat, is 6.7 per cent’ at! 50’ per cent of full’ power with’ 46.3 


degrees superheat; the gain has tisen ‘to per ‘cent; ‘at' 100 per 
cent ‘of ‘full power with 58.6 ‘degrees, the gain is 8 per ‘cent. 
While'B ‘Tepresents actual ‘Delatware coriditions,’ A. represents, 


approximately, thosé of the Oklahoma, superhéaters not having 
been fitted t6 that vessel on account of certain difficulties exist- 


“ing at that time, with the restilt that the best reciprocating en- 


gines ever designed in the Bureau of Steam Engineering ‘of 
the Navy Department are caused to appear on the face of, the 
‘returns as decidedly inferior | to the earlier Delaware engines, . 
which, again in turn, are “decidedly inferior to those of the 

Texas.and New York, which lattér engines in their: factors of 


design resemble very. closely the: engines of the’ Oklahoma. 


_ The gains; given above are greater than the actual gain in 
economy, asthe figures given do ‘not 'take into: consideration 
the additional: heat required to produce the: An 
average rough figure for the gain due to superheating’ may be 
taken as'one percent gain'for every ten degrees of superheat. 
Turning now to curves C’and F'and comparing them with’A 
and B, it is seen that C, the direct-connected Parsons’ turbine, 
is superior ‘in economy tothe reciprocating ‘engine’ using’ dry 
steam from approximately 17 percent of full power through- 
out the ranges of power above this percentage, while'it is only- 
superior to the reciprocating engine with superheat as shown, 
from ‘83 per’ cent! and above. The ‘curve the direct-con- 
‘nected! Curtis turbine; is‘ superior to the reciprocating’ engitie 
with dry steam from’33 per cent’ of full power and upward, 


‘while it'is supetior'to that:engine with superheat as ‘shown, in 


the ranges of power above 80 per cent of full power.” Atten- 
tion’ is ‘called to the character’ of the curves'A, B,C and F. . 


-A’and'B both’ show ‘a decrease in ‘water cofisumption ‘moreor 
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less rapid until 80. per cent of full, power is being developed. 
_At this point the water, consumption gradually increases due to 
the rapid increase of back pressure in the L, P. cylinders caused 
by. the restricted area of the exhaust ports. C.and F show no 
such, changes but. the. water: consumption. per S. H. P, is de- 
_creasing rapidly throughout the entire range of powers given, 

indicating. an excess of area for, steam. flow through the, tur- 
ines, and this decrease would continue so. long as the. peri- 
pheral bucket speed increased and the areas for, steam flow 
could take. care of. the. amount of a 


ADOPTED ‘to OBTAIN: INCREASE ECONOMY at tow 
FRACTIONS OF DESIGNED FULL POWER. 


of curves A, and F show that with: 
turbines there: are two»remedies which ‘can ‘be ‘ap- 
‘plied: to’ reduce the steam expenditures at low fractions of de- 
‘signed’ power, without introducing an additional propelling 
to-be used: at such powers: are: 

1. The:tse of superheated steam. 

2 By designing the turbines so that the curves of: steam con- 
sumption, C and.F. will :be’ moved bodily to the Jeft.,,,This 
would, require much higher steam. and bucket, velocities at the. 
power, design point than were: swith, 
-bines from which these;curves were derived. 

increase in. economy ofthe engines to the ot 
‘supetheat is shown on Fig. 1, curves :A.and B, where with only 
.58.6:degrees Fahr.superheat at the 100 per cent.design point, 
othe decrease -in steam consumption’ due'to the. superheat 
amounts to.7.-- percent, while at.10: per cent: of the designed | 
power, the gain,’ with, only 34.5. superheat, amounts 

shown: by the.comparison of, curye:G with curve for, Curtis 
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ture of pressure to overcome it. 
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‘turbines, andjof curve E with curve C.for Parsons turbines. 
An, the case of the Curtis, turbine, in applying the second 
remedy, gain in economy at the 100 per cent point, has, been 
deliberately sacrificed in order to increase the. gain at the lower 
fractions, of! power so that while at.the 100 per. cent point, the 
steam consumptions of F.and G. are rising, it.is seen. that the 
maximum gain shown by G occurs at.75. per cent of full. power, 
_this gain amounting to about. 20:per cent, while at.10 per cent 
of designed full.power it, amounts to. approximately 85) per 
‘cent... G, however, considering, the engine; economies. ented? 
superior to A.and B throughout.all practical, ranges. 

_ Curves F and G.are, however, not the best; that, the. Curtis 
can deliver as will be seen by: examination) of curve 
-H, Fig. This curve. shows. the performance, of,a Curtis 
turbine used, for driying the generator of an electric drive in- 
stallation. bucket speeds averaged about, 5 per, cent higher 
than those of curve.G, while the superheat ranged. from about 
15, degrees Fahr,;:at 10 per. cent of designed power to 24 
degrees Fahr., at designed power. The water consumptions 
of curve H, however, in addition to the consumption for the 
main turbine, include the consumptions for the following 
auxiliaries, of which only the two are a, legitimate 
charge against the engines : 
Exeiters. 

2. Blectri¢ bodsters. 

Main circulating pumps,” 

Main air pumps. 

‘Lubricating pumps. 

Auxiliaries 1 and 2 are extra 
propulsion, while the remainder are common to all’ ‘systems of 
‘propulsions although’ 6 is not usually fitted in cases A and B. 
Turning now to the Parsons turbine performances as shown 
‘by curves C and E, the latter curve shows a water consumption 
at t full! power ‘abot 9 cent lower than C, hearly per cenit 
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better ‘than “per ‘Cent better” thari’ B 
and ‘neatly 27 per cent superior to A. “At the points’ of maxi- 
“econoriy ‘for B and’ A; the superiorities of 
‘economy are approximately 15 ‘per ‘cent, 20 per cent’ and 26 
“per cent respectively. At’ 10 per cent of designed’ power the 
“superiorities of E over'B and are and jt 
Cortecting ctitve H for’ the: required’ 
8, 4,5 and’ 6; would cause to drop down niedrly to the 
“position of 'at the higher. percentages, causing it to’ cross’ E 
at a still higher value of percentage’ of full power that shown, 
‘which about! 29 per cent,’ below which value électtie pro- 
-pulsion turbines ‘are’ far superior to’either’ the marine Curtis 
or the Parsons turbines ih steam’ economy, while the application 
of high degrees of superhéat, which ‘cari be ‘safely’ used with 
this turbine but cannot be tised with the Parsons turbine, unless 
‘impulse first stage is fitted, would put the electric propulsion 
‘as well as the marine Curtis turbines far in the lead in economy. 


APPEARANCE, oF CRUISING 


bo the ‘feat steps taken to improve the economy of aan 
at the lower percentages of power and in some cases, through- 
out the range of powers up to full power, neither remedies 1 
nor 2 wete resorted to. Instead of these remedies, that of - 
fitting other steam driven machines for’ use ‘throughout a lim- 
ited range of the lower percentages of, power, these auxiliary 
units being either disconnected at, or running idle in a vacuum 
throughout, the higher ranges, was SAPS, “These variations 
ef auxiliary units, classed as remedy | 

Fitting of, Cruising Elements —were ‘adopted | in the fol 
Jowing order 

Adopting, of cruising turbines; usually of 
a $3 P. and an I. P, cruising turbine, with their steam areas 
‘and bucket speeds more nearly adjusted to the economy re- 
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‘quirements for’ the’ speeds and powers at which’ they: were to 
be used than were those of the main turbines at these same 
“powers? ‘In ‘the ease of ‘Curtis’ turbines, ‘these auxiliary’ tur- 
‘binies ‘were not used’ but in’ place of them ‘special eruisinig ‘ndz- 
ales were fitted to'the main turbine. “The eruisitig tur- 
“bite ‘or ‘cruising ‘nozzles were; in’ the casé of a 21 knot’ battle- 
ship, kept in operation ‘up to about’ knots; the T.'P. cruising 
‘turbine 6r nozzles kept in up to about’ 19 ‘knots: from 19 knots 
‘on’ the ‘main’ turbines “or ‘main “nozzles only’ were “used, ‘the 
‘eruising turbities taming idly ina’ vacitini: |The’ crisising’tur- 
‘bines when in opération exhausted to’ the main H. P. turbine. 
b. Adoption of reciprocating engines: for cruising in ‘place 
“of cruising’ ‘turbines ; stich a' plan was first tried in’ some’ de- 
“Stroyers: ‘Of ‘the’ British Navy, but the mistakewas made of 
‘designing these engines for such a low power and speed ‘that 
they were’ practically useless. Later! ‘when adopted in’ the 
‘U.S. Navy, they were designed ‘to carry ‘the destroyer up to 
‘fifteen knots’and when properly designed were very successful. 
Combination of reciprocating’ engines and ‘turbines 
for inetease in economy throughout the entire’ range of de- 
‘signed power; this combination was first adopted in some mer- 
‘chant vessels where the’ power ‘was arranged on ‘three shafts, 
the’ outboard’ shafts each being driven by’a triple expansion 
e reciprocating engine with both engines exhausting to one L. P. 
turbiné on the center shaft. The combination was’very suc- 
cessful but. as designed was not suitable for naval ‘work where 
the ordinary cruising speeds’ are far below the maximum speed ; 
of the ship. For’ such’'a'case it is necessary to use the H: P. 
‘cylinders ‘only a ‘triple’ expaision engine on one 
‘shaft; these highly’ efficient ‘cylinders “taking the: place’ of ‘the 
tively inefficient H. P. turbine, while the’ inefficient 
'L.’P. cylinder is‘replaced by the ‘highly efficient 'L. P. turbine. 
If the beam’ of ‘the ship ‘is sufficient to ‘carry propellers’ of 
enough “for high’ propulsive efficiency, the attange- 
ment as outlined should give economies of propulsion in‘excess 
of those given by either reciprocating or direct connected tur- 
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bine engine. installations except at such fractions of, 
_speed and. power where the L..P, turbine, becomes,a.drag,on the 
system. So long, however, as the L. P. turbine is developing — 
_power,, the combination will be much: more economical in steam 
consumption than either of. the direct. connected. installations, 
reciprocating or. turbine, operating singly.. This combination:as 
outlined was proposed for installation in two of the: U.S. 
-dreadnaughts contracted;for in 1909, and. bids; were invited. for 
_ .such installations, but circumstances were such at that.time that 
it was:considered better. not to make the,experiment. . Several 
years later, however, the French. installed such an arrangement 
in several of their new vessels. 
_. d, Adoption of cruising turbines, 
the Vespasian and of;the U..S.'S. Neptune having demon- 
strated the. reliability and efficiency, of reduction gears when 
properly designed, built and installed, and when, absorbing 
comparatively low powers, such gears were immediately turned 
to as the solution when the cruising radius, speed.of Uy Ss. 
destroyers was, raised, from 15. knots to 20. knots, this latter 
speed requiring entirely too high a. speed. of revolution, for re- 
liability if. reciprocating, engines. were, used, .As_ the, direct 
connected. cruising. turbines. had given, ‘way, to, the much. more 
efficient cruising reciprocating, engine, so the.latter was forced 
to make its exit.and the.unit.of cruising turbines, transmitting 
their, power ,to..the. main shafts through. eduction made 
sidetine ton 33 : 
+ No data being, available gives, 
ye the propelling, engines only,. when, fitted. with direct, con- 
nected cruising reciprocating or turbine, engines, the following 
data which, includes. the water consumption: for auxiliary, ma- 
.chinery.-also, and. which. has: been obtained; from, the, trial, 
reports of similar vessels is given, in order that a,good.idea of 
sthe relative economies of direct connected. turbines in, combina- 
tion. with, cruising: as outlined ina, and d may, be 
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PED | Pounds of Water per 
connected H. pet hour for alf 

BE } 


Direct connected cruising 
turbines 35-486 


‘Direct connected cruising 
recip. engines _ 29.828 


of the above table indicates: enormous gain i in 
economy of steam when the change from a@ to.b was. made but. 
that a decided loss occurred. when the. change from: b to d: 
occurred. As already stated, however, in order to obtain 
reliability of machinery at high cruising revolutions the change 
was necessary even though the loss in-economy, came, with it, ; 

_ Data of performances of :the:d: combination are. available. 
and such performances, that. is, the pounds of water per, shaft. 
horsepower. per hour; excluding. auxiliaries, are. shown on. 
Fig. 1, where the short curve F-F at the left.of the figure, 
gives the water consumption for Curtis turbines fitted. with d 
_ for cruising while the curve D‘is the same for Parsons turbines 
fitted with the same type of cruising element. The Curtis 
combination is ‘seen to have the advantage’ in economy below 

9\per cent of full power. At 9 per cent of full power the 
water consumptions of the two: types are each 17.2 pounds 
while at 5 per. cent,. the Curtis turbine combination Tequires 
19.8 pounds : and the Parsons 22.4 pounds; but both are inferior. 


the entire “range “of. “powers. for ‘the, Parsons curve, 
D shows more economy ‘throughout the Tange. where, used, 
while, the Curtis combination, ds “only. superior below. 


per cent ‘of designed power. 
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To, summarize the steam economies of the different types, 
the following ante showing. the standing in the order of econ- 
omy is given: 

Type Percentage of Designed 
Fall 


Reciprocating Engine—Dry Steam. 
Reciprocating Engine—Superheat 
Parsons Turbines—D. C. 
Parsons Turbines—D. C. with G. C. E ; 
Parsons Turbines—Reduction 
Curtis Turbines —D. C.., 
Curtis Turbines —D. C. with G. C. } eee 
Curtis Turbines —Reduction Gear Pies 
Electric 


The above results show the felative economy standing of 
the propelling engines considered as machines only and take 
no account of propulsive, efficiencies of propellers that can be 
realized nor, therefore, of the combined economies of pro- 


now be considered. 


ECONOMY OF PROPULSION, ENGINES. AND. 
PROPELLERS. 
‘PROPULSIVE EFFICIENCY OF PROPELLERS. 


‘Tn applying the foregoing types of machinery to the actual 
work of propulsion, a vessel’ of the Dreadnaught type has been 
chosen, while the propeller performances of the Delaware, 
Pennsylvania and Utah have been taken as representing the. 
best that may be expected under the three conditions consid- 
ered, namely, the Delaware at 125 reyolutions, Pennsylvania 
at 214° revolutions and the Utah at 310 revolutions. The 
standard vessel used in the comparison has an ‘effective ( tow-, 
rope)- horsepower and speed : curve as shown on Fig. 3. The 
effective horsepower for 21.3 knots, jhe designed speed i is 
15,250. 
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lurking “Ships using same p rs. 
\Geared and Electric Drives propel ers 
of low revolutions only. 


Comparative of propulsion 
different types of Drive. : 
Letters refer types asin 


4 Recip Engines-Low Revs. - 
Low. Revs. Intermediate between 
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On Fig. 2 are shown three curves of propulsive coefficients 
laid down on percentage of designed power as abscissas. The 
upper one of the three curves is that of the Delaware’ pro- 
pellers where the total power was divided between. two pro- 
pellers, while the next lower curve is that of the Pennsylvania's 
and the lowest curve that of the Utah’s propellers, where in 
both cases the total power is divided between four propellers. 

‘The designed: power for the Delaware condition to deliver 
15,250 e. h. p., will be 25,300 I. H. P. 23,276 S. H. P.; 
that for the Pennsylvania, 23,847 S. H. P.; that for the Utah, 
27,092 S. H. P.,. while the propellers to give the propulsive 
coefficients shown with this type of vessel, while absorbing the 


percentages.of designed full indicated by the 
values of Fig 2; 


Type Propeller No.2 Propel 
Delaware | Pewisytuania Utah 


The actual. of the and a the Utah 
had the following dimensions : 


Pennsylvania tah 


while the propellers of the Delaware were the same as for 
Propeller No. 1. 


TRUE ‘MEASURE OF ECONOMY; COMBINED ECONOMY OF ENGINES 
AND PROPELLERS. \ 


The true measure of economy of propulsion for any vessel 
with any particular type of propelling machinery as compared 
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_ the steam economies of the'types of engines but is the measure 
.and comparison of the combined steam economies of .the 
engines and the propulsive efficiencies of the propellers when 
driving the vessels at the same speeds under similar conditions 

of resistance. : 

To make such a comparison for the Standard vessel chipeen, : 
Fig. 2 has been prepared as a preliminary step towards the 
final comparison. The curves shown carrying the same let- 
ters of the alphabet as Fig. 1, are the values of “ Pounds of 
Water per S..H. P. per hour Propuisive Coefficient at va 
same percentage of total designed power,” where, ; 

F,, =F + Pennsylvania P. C. 
~ C, =C+ Utah P. C. 

C,, = C+ Pennsylvania P. C._ 
E Pennsylvania P. C. 
G =G— Pennsylvania P. C. 
H =H -~ Pennsylvania P. C. 
A =A-+DelawareP.C. 
B =B- Delaware P.C. 


and the letters preceding the equality sign refer to Fig. 2, and 
those following it to Fig. 1. By Fig. 2 is shown the relative 
costs per hour per S. H. P. at equal percentages of designed 
full power when using propellers No. 1, No. 2 and No. 3 
which represent approximately the existing practices for pro- 
-peller design for the various types of machinery under dis- 
cussion. Such comparison does not satisfy when a ditect com- 
parison of the relative economies to be expected with any given 
vessel is sought in making the decision as to which type of 
propelling machinery will be the best to install, considered 
_ from the point of steam economy per knot traveled. | 
As the second step towards obtaining the desired compari- 
son, Fig. 8 has been prepared. This Figure gives the 
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” effective horsepower and Speed” curve for the Standard ves- 
sel and also gives the curves of “ Percentage designed full 
power and: speed” curves for|propellers No. I; No. 2 and No, 3. 
_By combining: ‘Figs: 08) Fig.’ 4) is_obtained... This 
‘igure shows: directly: the relative ‘ecoriomies ‘of engines and 
propellers for the. Standard: -ship»when“running at. the speeds 
giveri® by “the: ‘stale ‘abscissas. _It must, be~borne in mind 
fully that. the values given ‘by. the scale of ordinates. are_not 
pounds “of steam per’ shaft’ horsepower but-are~such~ values 
divided. -by,, the. propulsive coefficients which are’ usually ob- 
tairied ‘with: the type of hull ‘possessed by. the Standard: vessel 
and the di propellers: which. ave. 
rent’practice. 

~Tabulating” by Fig. 4, 21, 19, 15 
10. knots,and giving 100 per cent as the efficiency of that 
combination which is the best at any given speed; also allowing 
an average correction of five. per cent for electric propulsion. in 


order to give an approximation to the actual economy of that 


system by allowing this percentage, which is small, for the cost © 
of the main air, and 


{ 2} C3 D.C, PATSONS 46.5, 64.3, 972.1 
3 1 with Geared | 56.4 | 67.5 | 66.2) 70 
2 with Geared 80. | 72.1 | 78,2 
| | F-2-C| with Geared 76.2 | 77.8| 78.2 | 80 
8 |D-2-C| 6 with Geared 73.2 | 90 | 85 90.8 
9 | E-2 | Parsons Geared............. 2 66.9 | 93.9 | 100 | 100 
J 7 1o | G-2 | Curtis Geared............... 2 91.6 | 94.5 | 97.5 | 96.9 iva 
1} 1 11 | H-2 | Electric Propulsion........ 2 * |}100 |100 | 96.9} 97.8, 
12 | A-1 | Recip. Dry Steamu........ I 70.2) 75 76.7 | 74.3 
| 13 | B-r | Recip. Sup. Steam......... I 712} 80 | 82.4} 80 a 
| | 
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C-2 =Direct Connected Parsons Turbines - Propeller®2, 


S AYN~ 


Cruising Element for Low Powers- Propeller *2.. 
F-3 =Same as 8 but with Propeller *3, | 
. F-3-C=Same as 9 bul with Propeller #3 
. G-2 =Curlis Turbines and Reduction Gear-Propeller*2\ 
. =Electric Propulsion with Propeller 


| 574 PASSING OF 
Cruising Element fer Low Powers Propeller #2 
| C3 *Sameas 3 but with Propeller®* 3. 
| D-3-0-Same but with Propelier #3.) 
|_| =ParsonsTurtines and Reduction Gear-Propel 
| F-2 =Direct Connected Curtis Turbines -Propeller®2. 
F-2-C>Direct Connecied Curtis Turbines with Geared 
| | j jj. 
Mig 
ys Scale of Speed in Knots 
| 
| | 
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» On examination of thé foregoing Table:and of Fig. 4, there 
is seen to exist.a large difference between the economies of 
the Parsons direct connected turbine installations and those in 
which the Curtis marine turbine, direct connected, are 
used, with! the difference decidedly in favor of. the 
Parsons installations except» where geared cruising ele- 
‘ments are used. When such, elements are fitted the Curtis 
installation with the medium speed propeller No. 2 is seen to be 
slightly superior from 10% knots down. Both Parsons and 
Curtis installations with geared cruising units are superior in 
economy to the Parsons Geared installation at speeds below 
14¥, to 15 knots, but are both inferior to the Curtis geared at 
all speeds. 

Furthermore, it is seen tied the earlier superiority of the 
reciprocating engine practically disappeared when the pro- 
peller conditions for the other types of drives were changed 
from those represented by Propeller No. 3 to those of Pro- 
peller No. 2, and geared cruising elements were adopted. _—_. 

With the adoption of the Direct Geared drive another © 
advance in economy of propulsion was realized, that with 
Parsons turbines at the highest speed and at the high cruising 
speed of 19 knots standing number 1 on the list, being far 
superior to all the other types except electric propulsion and 
the Curtis Geared at these speeds, but being inferior at 10 
knots to both number 7 and 8 conditions of the Table and 
being far inferior to condition numbers 10 and 11 of the same 
Table. | 

It is seen that condition number 11 is far superior in econ- 
omy at all speeds up to and slightly above 15 knots, to all 
other types of machinery, yet at the higher speeds it is appar- 
ently very slightly inferior to both Geared drives. This 
inferiority is, however, so small that it is completely out- 
weighed by the other advantages possessed by the Electric 
Drive and can be disregarded in making choice between the two 
types. 
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» As to the Curtis:marine turbine which shows up so well in 
the above ‘comparison, ‘its resort for assistance: in raising its 
economy of propulsion still higher plane: appears: to “be 
high superheat which it can tise with aimuch greater degree 
safety than’ can the’ Parsons turbiné ‘unless’ the’ latter -be 
fitted with an impulse, high pressure stage; a change which is 
bound to:come' in the next few on side of water: 
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ESTIMATES O OF THE P. PAST... 


By GrorcE W. REAR ADMIRAL (ann, Curr 
ENGINEER), U. S. N. 5 

The great demonstration on‘ 
day” in 1916, was a public declaration. that: “ the American 
people” were urging appropriations for the National defense, 
and it-re-kindled a desire, ofthe writer, to look up, the esti- 
mates, and see if any of the. was. tne our people! 
of the: Naval Service. 


Qld men. live, much. in, the pots in 
defending their acts, even if they are ‘ancient history,” *.. 
The search. verified \the. fact. that the estimates, .for, appro- 
priation,.as presented by the War. Department and the Navy 
Department, including all, the, Bureaus, from the time.of.the 


Revolution, -had. clearly view ,the strengthening of, the 
Nation’s. defenses, and, though these. estimates were .often 
“cut”. in,Committee.and inthe Body of (Congress, there was 
evidence. that it was, done in the interest of economy, which. i is 
easily-understood. when it is) remembered, that so great.a. ma- 
jority our people” live a long.way,, from ithe sea-board 
a longer way from any belligerent Powers) oi) 
_) Before we had any. outlying possessions to, defend. there was 
no’ apparent. reason for increasing the Navy... 
' Urgent economy made it imperative to dismantle the Aen 
the personnel,/and. lay, up, or.’sell the ships after the 
war. for inclependence.» This, spirit, of economy, 
“ penny-wise” prevailed, until.‘ ‘ preparedness in 1926... 
In this search into.“ ancient, the writer. found, some 
things of interests; 197) 
the-estimates for, the; 1802; ps ‘the ships, mere 
appropriated for separately, there was more money. asked for 
and appropriated for “ spirits” than for beef and pork to- 
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gether, and we had pretty good men then. For one Frigate 
there was estimated 284 barrels of beef, at $13 = $2,692 ; 244 
barrels of pork, at $18 = $4,392. And there was estimated 
7,118 gallons of spirits, at $1.125 — $8,007.75. 
‘We had four Frigates, of 44 guns each. 

three of 86 guns each. 

two of 32 guns each. 

two of 82 smaller’ ‘guns basa 

one Schooner. 

The larger Frigates had, each, one Captain; four Lieuten- 
ants; one Surgeon; one Purser; one Chaplain; one Sailing 
Master; two Surgeon’s Mates; one Boatswain; one Sailmaker; 
one Carpenter; sixteen Midshipmen; two Master’s Mates; 
two! Boatswain’s Mates; eleven Guntier’s Mates; two Carpen- 
ter’s Mates; one Captain’s Clerk; one Coxswain, a Yeoman, 
a Cooper, a Steward, an Armorer, a Master-at-arms, a Cook. 
The Captain was allowed eight rations, the Lieutenants 
three rations, etc., but the Petty-officers and crew only one 
ration. The grog ration was either whiskey, brandy, gin or 
rum, and was served twice a day, in“ tots” of about one-and-a- 
half fluid ounces. The Ward-room officers’ grog was usually 
placed in a pitcher, on the side-board, and was regarded as 
_common Ward-room property. There were many officers who 
never touched it, but they never questioned wie mince right 
nor taste of their ship-mates. ' 

The personnel, of that day, is of interest. All of the artificer 
class, as they are now called, were bona fide mechanics, having 
served indentured apprenticeships, as' was the custom in that . 
day. A “ Jack-knife Carpenter” would riot be tolerated. The: 
Carpenters were bona fide ship-wrights; the Armorer a skilled 
smith, capable of making and tempering, dressing and grinding: 

his own tools, and able to’do any job in smithy required on 
board. The guns were all smooth-bore, muzzle-loaders, as 
simple as could be made, and the officer 
eleven mates?” 
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There was a spirit of chivalry in the old Navy, inspired, no 
doubt, by that great man, John Paul Jones, who, in his advice 
to the Continental Marine Committee, specified : _ 4 

“Tt is, by no means, enough that an officer. of the Navy 
should be a capable mariner: He must be that, of course, but 
also a great deal more. He should be, as well, a gentleman of 
liberal education, refined in manner, punctillious courtesy, and 
the nicest sense of personal honor. He should not only be 
able to express himself clearly and with force in his own lan- 
guage, both with tongue and pen, but should be versed in 
French and Spanish. 

_ “He should be the soul of tact, patience, justice, firmness 
and charity. 

“No meritorious act of a hott should escape his at- 
tention or be left to pass without its reward, if even the reward 
be only one word of approval. Conversely he should not be — 
blind to a single fault in any subordinate though, at the same 
time, he should be quick and unfailing to distinguish error 
from malice, thoughtlessness ‘from incompetence, _and well 
meant shortcoming from heedless or stupid blunder. = 

“ As he should be universal and impartial in his rewards 
and approval of merit so should he be judicial and unbending 
in his ‘peniahymant: or reproof of misconduct.” 
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PROMULGATING SPECIFICATIONS FOR, 
ENGINEERING MATERIALS. | 


There are. a, of societies, associations and, 
sions which have various functions utilized by. Nayal Engi- 
neers. In the course of planning and executing. Naval Engi- ; 
neering work it is often necessary to consult and conform to 
standards, rules and regulations promulgated and_ enforced by 
many “ot the above. For the benefit of such, Naval, Engineers 
the following i is written with the hope that, it may prove of 
use as an index. when information, or spe are 
required. 

The following list of associations and commissions 
a been found during recent. years to ‘be i nearest, as- 
sociated with the Naval Engineer: 

(a) ‘Steamboat-Inspection, Service, Department ‘of, Com- 
merce, ‘Washington, D. C. 

(b) Bureau of Standards, ‘Department or 
Washington, D.C. 

(c) American Bureau of Shipping, 66 Beaver Street, New 
York, John W. Coutillion, Secretary and Treasurer. 

(d) American Society for Testing Materials, C. L. War- 
wick, Asst. Sec’y, University of Pennsylvania, Phila., Pa. 

(e) American Society of Mechanical Engineers, W. E. 
Bullocks, Asst. Sec’y, 29 West Thirty-ninth St., ney York, 
N, Y. 

(f) Bureau of Explosives, Underwood Building, 30 Vesey 
St., New York, N. Y., J. E. Fairbanks, Sec’y and Treas. 

(g) American Institute of Electrical Engineers, 33: Vesey 
St., New York, N. Y., F. L. Hutchinson, Secretary. 
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- (h) Master, Car Builders’. Association, 746. Transportation 
Bidg., Chicago, Ill, V.. R. Hawthorne, Acting Secretary. 
+ (+), American | Railway Engineering.'Association; .Room 
1011,.910 Michigan Avenue, Chicago, Iil., EB. H.: Fritch; Secy: . 
so(j). American Institute of Weights and Measures, 20 Vesey 
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STEAMBOAT-INSPECTION SERVICE.” 


The Steamboat inepection Service. is charged with the 
of, inspecting vessels, the licensing of the officers and crew of 
vessels. and, the administration, of, the, Jaws. relative to,.such - 
vessels and their officers for the protection of life;and property: 

Phe Supervising Inspector. General and the Supervising’ In- 
spectors constitute,a Board, that meets annually at, Washington, | 
the Steamboat-Inspection laws. 


Publications. 


General Rules and the Board 
Supervising. Inspectors: .. 

Ocean and Coastwise, 

_(b). Great Lakes... 

Lakes other. the Great Lakes Bers and Sounds. 

Rivers. . af 

3Pilot 

, (a) Inland Waters of and. Pacife Conse and 
the Coast of the Gulf of Mexico. . .. 

_ (b) Western Rivers the River of the Non. 


The act of Congress approved July. 1838, ‘which provided 


was ‘the first legislation upon the important. question of “ " the 
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better security of lives of passengers on board of vessels pro- 
pelled in whole or in part by steam.” . By this act the inspectors 
were appointed by the district judge of the United States for 
_ the district in which the vessel was inspected, and were paid 
by the steamer the sum of $5.00 each for each inspection. 
This ‘act provided for lifeboats, signal lights, fire pumps and 
hose, and also for iron rods or chains in place of rope for 
"steering gear. The boilers were inspected, eyery six, months 
and the hulls every twelve months, and it was also required 
that steamers employ “a competent number of experienced 
and skillful engineers.” Certificates of inspection were re- 
- quired “ to be posted up and kept ifi some Conapstantis vk 2 

the boat for the information of the public.” 

This act modified by the act approved March 3, 1843, 


which provided for additional steering apparatus, but exempted — 


certain vessels from the requirements of the previous act. The 
act of Congress approved March 3, 1849, provided for signal 
lights for all vessels. 

The act of Congress approved Asm 30, 1852, was really 
the establishment of the present Steamboat-Inspection Service, 
and was known as the “steamboat act:” This act amended 
the act of 1838, and provided for the appointment and pay- 
ment of nine supervising inspectors, and for local inspectors 
at various ports. The act also provided for lifeboats, life- 
preservers, and other life-saving equipment, and for the 
- licensing of engineers and pilots for passenger steamers, and 
for the stamping of boiler plate, and is really the foundation 
upon which the whole superstructure of a Steanthoat-Lnspec- 
tion Service has been raised. 

This act was modified and amended in minor particulars by 
the various acts of March 3, 1853, April 29; 1864, on? 8. 
1864, March 3, 1865, and July 25, 1866. 

The act of Congress approved February 28, 1871, gave 
what is really the present law upon the organization and ad- 
ministration of the Steamboat-Inspection Service, and al- 
though amended and changed from time to time it is, in fact, 
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the basis of the present practice. This act provided for the 
appointment of a Supervising Inspector General and created 
the Board of Supervising Inspectors, designating also the time — 
and place of meeting of said Board and defining the duties 
thereof. It provided for the inspection, testing, and stamping 
of material entering into the construction of marine boilers, a 
provision which has proven of the highest value and import- 
ance in the prevention of explosion and loss of life. 

The bill upon which this legislation was based was prepared 

with much care, and its enactment was, without doubt, the 
_ wisest legislation ever devised upon these lines. It has served 
well the purposes for which is was designed and has fully 
justified the highest expectations entertained by those who 
it. 


“Legal Authority to Establish Standards or Conduct - 
_ Inspections. 


Under the provisions of Section 4405, R. S., the Supervising 


Inspectors and the Supervising Inspector General are required 
- to assemble as a Board once a year in the City of Washington, 
District of Columbia, on the third Wednesday in January, and 
-at.such other times as the Secretary of Commerce shall pre- 
scribe, for joint consultation, etc., and that Board is required 
to establish all necessary regulations required to carry out in 
the most effective manner the provisions of Title 52. 
‘Under the authority of Sections 4417 and 4418, R. S., the © 
hulls and equipment and boilers of vessels with appurtenances 
are required to be inspectedby the Boards of Local Inspectors. 
Section 4488, R. S., gives Boards of Local Inspectors the 
authority to license and classify officers of vessels. 
Section 4450, R. S., gives the Boards of Local Inspectors 
authority to investigate all acts of incompetéhcy or misconduct 
committed by any licensed officer while acting under the au- 
thority of his license. 
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prion to haye; the custody..of standards, comparison. stand- 


ards, preparation ,of, standards, and the solution of 


which arise, in.connection. with, standards. 

The: standards with which the Bureau-is deal 
pte be conyeniently classed as follows; Standards of measure- 
ments, standards of values of constants, standards of quality, 
standards of mechanical performance, and standards of prac- 


The of four series of 


cations: 


(a) Bulletins comprise the scientific; 
covering researches of the Bureau within its field. 

(b). Technologic papers. 

Circulars covering information of a technical or 

publications. 


Status. 


The Act March. 3, 1901, established 
of Standards by stating that,‘ ‘ the office of. standard. weights 
and measures shall hereafter be known as the, National Bureau — 
of Standards,” the same act, expanded. its, functions, 
accord with, the amodern needs for standardization, 

Successive acts, such as the Legislative. Appropriation Act, 
the Sundry Civil Act, and: others. have provided fhe necessary 
authority and funds, for specific investigations, 

Legal authority, to establish, standards, and, 43 as 
mind above was established by an act of Congress.and supple- - 
mented by Section 3 of the Organic Act authorized the Bureau 


ye 
¢ 
i 
| 
tp, 


CLASSIFICATION ‘OF SOCIETIES. 585 


to exercisesits: tor: the federal, ‘state, ‘or: municipal, 
governments; societies, institutions, firms, corporations, ' ‘of 


individuals. bhow 


BUREAU OF: SHIPPING. | 


 Quéting front nite By-Laws 
objects of the Bureau arevas shawn by: 
for the purpose of carrying out these objects the» Bureau 
is to provide for shipowners, shipbuilders, underwriters, ship- 
pers, and all interested in, mafitime ¢ommerce, a faithful and 
accurate classification and registry of mercantile shipping, and 
to aid‘and' develop:the Marine oP we United States 

» The Bureau a'‘corps whose ‘duty is 
“i inspect material both in the process of manufacture and 
fabrication and to inspect completed vessels and machinery ; 
classification: are issued on the of these 


Foret Shipping.” “Record” for the year 1918, has 
more than 1,100 pages, giving the following information: 
of Offices, where-situated, 902 VADINAMA 
List of Officers, Managers, 'Committees, Counsel, etc. 
List,of Surveyors.and. Ports, , In.this connection it may be 
‘nid that, there, are. Surveyors. throughout, the, United: States 
and in, Foreign, Ports, all oyer-the worlds?) 
List of Vessels, including signal letters,,.name;. rigging, 
nation, hailing port, registered dimensions, tonnage, when and 


whom built, owners, engine and boilers,'and: memoranda, as 


to classification, surveys, damage o)ai 
» List. of Qwaners and, vessels owned: by:same. 
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List of Shipbuilders, Dry Docks and Marine Railways and 
of Marine Machinery and boilers 
world. 

The Bureau also publishes semi-monthly or as oiteeny as 
needed, supplements ‘to’ the “ Record,” giving’ particulars of 
new vessels and changes to old ones. — 

The Committees referred to:above under “ List of Officers” 
are: Executive, Finance and Audit, 


Legal Status. 


“The under the of the State 
of New York, April 22, 1862, under the Title of “ American 
Shipmasters’ Association,” and on September 26, 1898, the 
title was. changed by on authority to “ American Bureau of 
Shipping.” 

The Bureau its charter, and: Bybews 
examines the plans of vessels submitted for classification, ap- 
proving same or making suggestions towards complying with 
the Rules governing the construction; and finally gives a cer- 
tificate of class and of machinery, and when required assigns 
the least Anil freeboard that the vessel may not be over- - 
loaded. 


AMERICAN SOCIETY FOR TESTING MATERIALS, 


The Internationa) Association for Testing Materials was 
formed at a conference of workers in experimental engineering _ 
held in Munich in 1882. Larger and more important’ meetings 
have subsequently been held and the now 
to thirty-one countries. 

It was decided at the Stockholm Congress ( 1807) to en- 
courage the consolidation of the membership in various coun- | 
tries into separate national organizations. In pursuance of 
this action the American members met’ in Philadelphia on 
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June 16, 1898, and organized under the name, of the,“ Amer- 
ican Section of, the Assoriation on Tasting 
Materials.” 
‘In 1902 the a and was 
porated under the laws of the State of Pennsylvania under 
thé. dame’ of American Society: for ‘Testing Materials.” 
The American Society for'Testing-Materials is represented on 
the International Council by one peaeenlipg The membership 
of the Society in 1918 was 2,201. 


“One of the most important functions of the Society. as ‘stated 
in its, charter, i is, the standardization of specifications z and the 
methods of testing. In pursuance of this activity the Society 
has adopted. 128 standards covering ferrous. and, non-ferrous 
metals, cement, Time, gypsum, ; and clay products, , and certain 
miscellaneous materials such as, preservative - coatings, lubri- 
cants, road materials, rubber, materials, rubber products, tex: 
tile materials, etc, The Society has also published 49 tentative 
standards which is the term applied to a proposed standard 
which is printed in the — for one or ‘more years 


TG f 


ST. M, Ss tandards” are published triennially ‘the next 
publication, will appear in 1921, From 1910. to. 1916 the 
standards were published annually ; from 1916 to June, 1918, 
when publication was put, on the basis, they. were. pub- 
lished biennially. 

In addition to the publications i its standards the Society 
issued annually Proceedings of about 1,200 pages in two. parts; _ 
Part I contains the committee reports and tentative standards, 
and Part, Ir Papers, present ‘at. the. 
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“Bach of statidards and tentative of the Sociéty 
are available in separate pamphlet form.’ Any of the above 


publications may be ypon to See- 
retary.” 


‘AMERICAN SOCIETY. OF MECHANICAL 
ENGINEERS, 


The ‘of. Mechanical ‘Engineers, was 
founded in 1880 “ to promote the arts and sciences connected 
with Engineering and Mechanical Construction.” The Society 

endeavors to accomplish this object through its meetings, gen- 
eral and section, held periodically through the United’ States; 
its publications—The Journal and “Transactions—which are 
distributed free to its members, to libraries in exchange and to 
others by subscription; its large numbers of committees, work- 
ing to develop the Society’ s usefulness in the mechanical engi- 
neering profession; and its library, located in New York City, 
but available’to engineers throughout the country through the 


medium of the Library veciee Bureau, a special library mail 
service. 


Publications. 


The Journal of the is published “Features 
of the Journal are addresses, papers and discussions pre- 
sented at general meetings of ‘the Society, addresses, papers 
or discussions presented at Local Sections, and reviews of 
technical books by experts: selected by. the ‘Publication ‘Com- 
mittee, ete. 

‘The Transactions of the Sabiety is published about’ July of 
each year and contains the more important addresses, papers 
and reports that have been presemted at local section meetings 
during the preceding year. ia 

“The Year Book of the Society is published in ‘February of 
each year and contains a list of its members, ‘the Charter, 
and Rules of the Society, ete. 
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Legal Stats. 


aml ori 
of the State of New York, April 7, its — 
in the City of New York. 
of its constitution reads as “The Society 
shall not approve any standard or formula,’ or approve any 
engineering or commercial’ enterprise. It shall'not allow: its 


imprint or name ne in work or 
business,” 


33 


Tt maintains a « Committee on Standardization”: to formu- 

Jate and revise standards of principal’ methods’ of procedure 
in Engineering practice: There are upward of fifty standards 
covering |various engineering materials already created and 


these have been widely and. basis of 


_ BUREAU OF 
1905, Mr. James McCrea, later President of the 
Pennsylvania Railroad, advocated before the American’ Rail- 
way Association the appointment of a conimittee’ to’ prepare 
regulations to govern the safe transportation of explosives. 
This committee was appointed and with ‘the aid of civilian 
experts in explosives, and consulting representatives of the | 
Army and-Bureau of Ordnance, Navy Department, prepared 
regulations, and the same were approved by the Association 
in October, 1905. No marked change resulted in the trans- 
poration of explosives until the Association i in October, 1906, 
decided that some central agent of all roads was necessary for 
uniform enforcement of the regulations and a constitution and 
by-laws for the Bureau for the Safe Transportation of Explo- 
sives and Other Dangerous Articles were adopted. 
~ In the following year the office of the Chief. Inspector was 
opened i in New York City. Seventy-eig ht companies at ‘that 
time were ‘members. ‘The bership Somprises 244 
railway companies. 


> 
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At the present time the personnel of the Bureau consists of 
the Chief Inspector and office force, 23 Local Inspectors, 2 
Special Agents,:3: Assistant. Local. Inspectors; Chemist, an 
‘Assistant Chemist, and a Laboratory Assistant. The: duties of 
the Inspectors are to investigate conditions, at. manufacturing 
plants; ete: and:make reports to the designated offi- 
cials in their districts‘and to the Chief Inspector... 

The Federal law of May 30,1908, now: codified: the Act 
if of March 4, 1909;:as Sections 232 to 236, requires the Inter- 
state Commerce Commission to formulate and the ¢arriers to 
enforce reasonable) regulations to promote safety... 
The Bureau of: Explosives submitted to: the Interstate Com- 
merce: Commission a set of regulations for their consideration 
and with but a few changes were adopted and. were, ehdserosten 
to take! effect October 1,-1908.. 

The Bureau has prepared for 
the transportation of gases both liquefied and _ non-liquefied, 
and files the history’ ied records of their manufacture and test 
as. well as data on containers for. the pt 
dangerous.articles; 

‘The, cost.of maintaining the is, by. it its mem- 


AMERICAN. ‘INSTITUTE OF. ‘ELECTRICAL EN. 


_ Quoting an extract, from its constitution. the ‘purpose of the 
Institute i is stated as follows: 
—“Tts objects shall be the. advancement of the. theory pen 
practice of Electrical Engineering and of the allied Arts and 
Sciences and the maintenance of a high professional standing 
among its members. Among. the means to this end shall be 
the holding of meetings for the reading and discussion of pro- 
fessional papers ; and the publication of.such papers, discussions 
and communications as may seem expedient.” 
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month and have|two principal divisions ;.. The first part 
contains, matter of transient interest, such, as, announcements, 
election. of members, personal notes, reports, of the. meetings 
of Sections and Branches, and general information. pertaining 
to the.Institute. Technical. papers and other, matters of an 
engineering character are contained in the second part... ad 

The Transactions are published in one or more bound wok. 
umes each year, and consist of technical papers and discussions, 
reports, and other matter, previously published in the monthly 

‘The Institute was iricorporated on Marth 1 16, 1896, ‘under 
the Metitbership Law, 5, the laws of 
the State of New York.” 4 

Institute does not conduct’ of any 
has established electrical standards, relatitig ‘to the tating and 
testing of eléctrical equipment, but not incliding’ specifications 
of design and dimensions. Thése’standards have been révised 
from year to year as a result of changes and ‘developments in 


the electrical art. Institute isialso affiliated with the Inter: 


national Electrotechnical Commission and its standards con- 
form' to those adopted by the Commission. These 'statidards, 
known as the Standardization Ritles ‘of the A; are 
a8 official by. throughout ‘the 


Butt as one ‘of the proper’ functions ‘of the 


MATTER: CAR BUILDERS’ ASSOCIATION. 


posed of master car builders and flee of ier car sho 3, 
. and was organized at Altoona, Pennsylvania, September, 1867. 
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In June, 1881, an amendment to the constitution was proposed, 
and in October, 1882, this amendment creating a new class of 
members called “‘represetitative members” was adopted.’ This 
améndment permitted each railroad to be’ represented iti direct 
proportion: to the number of it ‘owned. The number of 
- cats represented i in the Association is a proximately 2, 800,000: 
Its membership’ extends to’ England,’ France, ‘Russia, India, 


Australia, Japan, China, Chile, Brazil ‘Cuba and the 
Philippities! 


Purpose. 


ministration by the Association’s late secretary, Mr. Joseph W. 
Taylor, the purpose of the Association is as follows: 

', “The objects of. the Association are the advancement, of 
knowletige concerning the construction, maintenance. and serv- 
ice of railroad cars and the parts thereof, by investigations 
through committees and discussions in conventions; to provide 
an organization through which the members. and the companies 
they..represent may agree upon such joint action.as may. be 
tequired to bring about.uniformity and interchangeability in 
the parts of railroad cars; to improve their construction and to 
adjust the mutual interest growing out of their interchange 
and, repair, but the action of. the, Association, shall have .a 
recommendatory character, and shall not be binding; upon. any 
of its members or the companies represented in it.” 

_ Association, was, responsible for the. adoption of. 
couplers for;cars in 1887 and the automatic air brake, in 
1888. . Through. their efforts also standards ati 62  difisrent 
parts of cars have been adopted. . 

_ The standardization of parts of cars and method of sadly 
same is of the greatest value when it is considered how often 
cars are shifted from one road to another and many: repairs are 
necessarily performed while a great distance from their home 
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ATION, 
Purpose. 


the abjeat the American: Associa- 
tion is the advancement of knowledge pertaining to the scien- 
tific and.economic. ‘and, main- 


The Railway: Engineering: publishes: 

The Monthly issued ten (May 
per June omitted); io frit 

“ The Manual for Railway Engineering and Maintenance of 
Way. Work;” issued at intervais of: to ine 


Legal Status. 


he American Railway Engineering Association’ is incor- 
porated under the laws of the State of Illinois “ not for profit.” 

Legal authority to establish standards or conduct inspec- 
tions: The recommendations of the Association are not bind- 
ing upon the members of companies with which it is connected, 
but the standards are recommendatory. 

The Association does not make “ inspections’ ’ but has made 
and is continually making experimental tests of various kinds, 
the results of which are published for the information and. 
benefit of the members of the organization and railroad com- 
panies generally. Such tests cover: 

‘The effect of moving loads on tailroad bridges, 
Tests of water columns, 

Strength of bridge timbers, etc. 


19 
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AMERICAN INSTITUTE OF WEIGHTS AND 


MEASURES. 


Quoting from the donistitation! of the above Institute adopted 
June 28, 1916, and 17 ‘and 19, its 

(English) system of weights and measures, for the good of 
our commerce and industry and the well-being of our country. — 

“(b) The education eee people with respect to the im- 
portance of our weights and measures, through: the dissemina- 
tion of correct information with respect to them and ‘to the 
danger inherent in mabe of our. basic standards of instead 
ment. 
tents standards.as they may be needed by reason’ of new con- 
ditions in commerce, industry, science, and engineering, 

“(d) The promotion of wise legislation for the conserva- 
tion of our basic English units of weight and measure, and 
Opposition, to. hasty and ill-considered legislation. involving 
changes from our. fundamental English standards.” 

_ The Institute publishes a. quarterly report of activities issued 
to members alone...’ Two. Reports. on The Metric System in 
Export, Trade and on the Weights and Measures, of Latin 
America have been issued, as well.as, fiye bulletins on the fol- 

No. “he Six Metric Myths.” be 

_, Bulletin, No. Endorsements That Count.” 

_ Bulletin, No. The American Metric Asspcintion the 
Metric System in Munitions of 
Bulletin No. 4—‘ The Bushel Standard, 

Bulletin No. 5—“ Extracts from Reports. a British Parlia- 
mentary Committees Relating to the Metric. System.” ... 

The Legal Status of the Institute is that of. an HRINCORPe- 
rated Society. ‘ 
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RELATIONS’ ‘OF SOCIETIES ‘NAVAL’ ENGI- 
NEERING.» 


Service, Rules.. “Material. use 
in the» Naval Service is, seldom purchased in strict accordance 
with these rules... ‘They have occasionally been used in the past 
in specifying material for, Naval Auxiliary Ships........ ... 
Bureau of Standards. ‘The Navy: Department: has con- 
sulted the Bureau of Standards on new developments. where 
special ‘experimental work ‘has been necessary... During, the 
late war, assistance has been rendered by the Bureau of Stand- 
ards in investigations and experiments of éngineering materi- 
als, such as. brasses; bronzes and bearing metals, with the view 
af conserving tin; also.in Aircraft materials and. gasses... 

American Bureau of Shipping: vessels of types 
delta: to those mentioned under “ American Society of Me- 
chanical Engineers,” and for the samé reasons, the machinery 
is often purchased in accordance with the Rules'of the Amer- 
ican Bureau of Shipping, and: are 
specified to: the above rules) 
cations of this Society are employed more as references,’ Navy 
material such as structural steel for ships and rivets have’ been 
Society.” bite ential 
“(ey American of ‘Mechanica ‘the boil- 
ets for such Naval vessels as colliers; oil tankers, repair ships, 
sea going and Harbor tugs, etc., are ordered often to be in 
accordance with theA.\S.M. E. ‘Boiler Code. ‘This’ practice 
is sometimes followed to: expedite’ deliveties and’ obtain’ ma- 
terial lower cost’ thamif purchased in full accordance with 
the Navy Department Specifications.’ As ‘a rule’ material put+ 
chased in accordance’ with the A.S)’M. E) Boiler Code is in+ 
spected at the place of manufacture by’ representatives | of the 
Navy Department. \ 


t 
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Explosives; All cylinders or-containers for 
the transportation of gases suchas Hydrogen, Oxygen, Helium, 
Acetylene, Carbonic Acid Gas, Anhydrous Ammonia, etc., 
are ptirchased in accordance with the’ rules specifications! of 
this Bureau in ‘otdeér that ‘they may comply with: the Interstate 
Commerce ritlés and’ be accepted for transportation by the sew 
eral transportation companies.” ’ ‘These rules’ or! specifications 
are incorporated in the Navy Department! leaflet: specifications 
for! the containers for the several gases. Containers for. the 
shipment of ammunition and ‘other dangerous articles are‘also 
purchased ‘in accordance wales: and of 
the Bureau of Explosives. vat ini 

and controllers which bidders gtiarantee to’ give: satisfactory 
operation after installation and certify that they are in full 
conformity with the A. I. E. E. standardization rules are often 
accepted for Navy Yard use in lieu of motors and controllers 
in full accordance ‘with the Navy Department’ Specifications: 

Attention is invited: to a clause permitting the above in 
“General Specifications and Instructions Governing Submis- 
sion of Proposals for Furnishing Machine Tools for, the Unit- 
ed States Navy,” dated March 15, 1916. 

rules in question are not as, 
cations but are considered an authority in regard: to methods 
of conducting tests, calculating efficiency and other character- 
istics of motors, generators and transformers; and definitions 


of various, in.connection with and 


Master Car Builders is. necessary for 
the rolling stock in the various Navy Yards and stations to be 
in accordance, with the rules and specifications of the M. C. B; 
to insure facilities for the handling, of cars: belonging to the 
various railroads and in some’ cases 
cars over to.soulq off ts beto 


€ 

\ 

* 
\ 


(i,j) The publications of the American Railway Engineer- 
ing. Association and the American Institute of Weights and 
Measures are employed a as references by, Naval Engineers i in 
charge of creating and modifying. Navy. Department Specifi- 
cations. 
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PROPELLER DATA. FROM U. Ss. NEW MEXICO’S 
“TRIALS. 


By COMMANDER S. M. RosBInson, U. S. Navy, MEMBER. 


In the February, 1915, issue of, this JourwaL there was 
published certain data on the subject of propellers in connec- 
tion with the design of electric machinery for ship propulsion. 
It has been possible to check some of this data by the recent 
trials of the New Mexico and this article will compare the 
data of that issue of the JournaL with the data obtained 
from the actual trials of the New Mexico. In addition, there 
will be given certain original information that was obtained in 
regard to propellers and propulsion generally. 

The New Mexico held two sets of trials. The first trial was 
held after the ship had been out of dock about seven weeks. 
The second trial was held just after the ship had been docked. 
These two trials have been analyzed and the analysis is given | 
in Table 1. From this it will be seen that there was a differ- 
ence between the two trials of about 4,250 shaft horsepower 
at 21 knots, due to the foul condition of the ship’s bottom; 
this increase in resistance, expressed as a percentage, amounted 
to about 9.6 per cent on the average. This experience of the 
New Mexico was corroborated by that of the Pennsylvania; 
this ship had been out of dry dock for a few weeks and it was 
decided to try the ship without cleaning her bottom, but a _ 
preliminary run demonstrated that the increase of horsepower — 
was so great that it would be impossible to fulfill the guarantee 
- of fuel consumption without docking the ship. It would seem — 
that fouling occurs very rapidly in the first few weeks that 
a ship is out of dry dock and after that the rate of increase 
of resistance due to fouling falls off very rapidly. 
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The ship was also standardized, using only two screws to 
drive the ship; four points were obtained altogether; three 


in 


each case the points were determined for the inboard and for 


the outboard screws separately. 


| 
2891 


These trials were run with 


points on the first trials, and orie point on the second trials; 


the motor disconnecting switches open on the idle motors so. 
that the dragging screws were perfectly free to turn. The 
results of this standardization have been analyzed in Table 2 
and plotted as curves in Figure 1. As part of the data was 
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obtained on the trials with bottom clean and part with bottom 
foul, it was necessary to. express. the increase. of effective 
horsepower due to dragging of two. Screws in some form 

_ that would be common to the two trials; it _was. therefore 
expressed as a percentage of the effective horsepower ‘feces- 
sary to “drive ship-with- clean: bottom, “Figure” -shows 
that this varies from 36.4 per cent. at seven: 
toa mini 
the still ‘increasing at. 15 which was ‘the 
highest speed of the ship’ obtained under these conditions 
This checks very closely with data obtained . ‘on-the Seipitet at at 
a sit of about 14 knots. and given in the issue ‘of the: Jour- 

-referred. These. curves. should convince 

anyone “of, the futility of trying to save fuel by providing a 
multiplicity of screws and engines and reducing the number in 
use ds the speed of the’ ship is reduced. The saving due to 
increase. of engine efficiency “will only ‘Smail” fraction ‘of 
what i is lost. due ‘to the increase of resistance. due to the d * 
ging screws. In Table 3 the two-screw trial data has all 
reduced to a common _ basis of clean bottom ‘conditions d 
the results have been plotted as curves in Fi igure 2. The four- 

| screw trial data with clean bottom has also been. plotted in the 
same e figure. By a comparison of the curves, it will be iz 
«that at'15-knots, it requires about 2,400 more shaft horsepower 
ty screws. than: ‘with, or an of 26 


eturning 2-and 1, it will be been 
“idle propellers drag at between 60. and 65. per ‘cent of t 
“ R.P.M. required | to drive the ship at the given speed; a 
speed of about seven knots the screws céase to revolve. This 
data agrees_very. well with. the data obtained. in. the. motel 
tank and also.on-the.J upiter and ‘published in the issue of the 
Journat previously referred to..°On the Jupiter, the dragging 
screws ran at about 68 per cent of the normal R.P.M. required 
to drive the ship. As this percentage seems to be about the 
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same for all types of ships, it offers a very easy method of 
plotting” retardation curves simply by observing the revolu- 
tions of the engine from instant to instant and obviates the 
— necessity of obtaining the actual speeds of the ship by bear- 
ings. It will be noted that when running with two screws, 
the dragging screws run at approximately one-half of the 
R.P.M. made by the driving screws. = 

A comparison of the performance of the inboard sind out- 
board screws, as given in Table 2, shows that more power 
is required for the same speed by the inboard screws than 
by the outboard screws, and paradoxically, the R.P.M, of the 


inboard screws is less than that of the outboard. The apparent — 


paradox in regard to the R.P.M. is easy to understand if we 
refer to Figure 8 which has been taken from sheet No.. 17 
of Dyson’s “ Screw Propellers for Hydraulic and Aerial Pro- 
pulsion,” for it will be seen that there is a small difference 
in the “ slip block coefficient” forinboard and outboard screws 
and this will, of course, slightly affect the basic speed and 
slip of the two screws. The difference in horsepower.is not 
_ So easy to explain; it is, of course, due to the fact that the 
inboard screws cavitate sooner than the outboard. Table 2 
gives the-critical values of 10" and also the critical valties Of 


at which cavitation: takes. place when driving with 


two scréws. “These values have. been plotted in’ ‘Figure’ 4. 
The values for the same thing when driving with four screws 
have also been plotted in the same figure... These last -values 
were taken from sheet No.,22.of Dyson’s ** Screw Propellers 
for Hydraulic and Aerial Propulsion.” - “By a comparison of 
the curves in the two instances it will be seen that on a four- 
screw ship it is possible, when driving with two screws only, 
to load these screws very much ‘more heavily before cavita- 
tion takes place than can be done when driving with four 
screws, although the slip of the screw is more than twice as 
great with the two-screw condition as with the four-screw 
condition. 
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The ship was also standardized at one speed, when going 
astern. This data has been analyzed in Table 4. It will be 
seen that the “slip block coefficient” in this case is quite 
different from what it is for the ship;when going ahead. This 

value of “slip block coefficient” was found by determining — 


Fig.% 


the basic speed (V) from the actual horsepower, revolutions, 
and slip. The line of “ slip block coefficient” as determined by — 
this point is shown in Figure 8. The other “ slip block coeffi- — 
cient” lines shown in the same figure have been taken from 
sheet No. 17 of Admiral Dyson’s book. From a comparison 
of the two, it will be seen that the “slip block” for a ship 
going astern is radically different from what it is for a ship 
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going ahead. ‘Table 4 shows very clearly the’ enormous in- 
crease in effective horsepower, due to. the reaction of the 
water thrown’ against the stern of the ship. In this case it 
amounts to over 37 per cent of the effective horsepower neces- 
sary to tow the ship astern and the total effective horsepower 
necessary to drive the ship astern is over 45 per cent — 
than that necessary to drive her ahead. 
In the article in the Journat previously referred to, there 
was’ given a curve showing the variations in propeller torque 
that occur while a propeller is passing from full revolutions 
ahead to full revolutions astern. This curve’ was obtained 


ine 


from model tank experiments and is teptoduced in this article 
as Figure 5. ' The most vital part of this curve, so far as it 
affects induction motor design, is the’ maximum torque point 
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of the propeller during the period in which jit is being brought 
to rest. In Figure’5 the value of the torque,at.this maximum 
point is about 95 per cent of the torque required to. drive, the 
ship at full speed. Data obtained from, the Jupiter indicated 
a considerably lower value for this point—about 75 per cent. 
It was, therefore, very. desirable to get.a check on the point, by 
the New Mexico; the value of the point, on the New. Mexico 
was found to be about 106. per cent at.18 knots; at the same 
Speed, the model tank curves, agree fairly closely, showing. 
about 112. per cent.. The value of the torque at this. point was 
obtained by setting the motor switches ,in the reversing  posi- 
tion and gradually building up the field with the rhain gen- 
- erator until it was just stiffieiétit'té“reverse the propeller. Con- 
tinuous graphic records..were “taken. of.the speed of the gen- 
erator, field of the generator, voltage of the generator, and 
speed of the motor, ampéres of the motor and kilowatt input 
of the motor. ‘These values have been plotted in Fig- 
ures 6 and 7. From these it was possible to determine 
the torque at each interval of time a - formula Tr 

.746 X 2 X Gen. R.P.M. The values of torque as determined 

18. 

from this formula are also plotted i in n Figure 6. It was, how- 
ever, in addition to this, necessary to know the speed of the 
ship through the water at the instant that the propeller passed 
through the maximum torque point; this was obtained from 
retardation curves made by taking power off the ship and 
taking continuous readings of the revolutions of the propeller 
and also bearings of an object-by the bridge compass. These 
curves were obtained with the ship steaming’on two opposite 
courses and the average values of the two runs were used in 
plotting. This data is shown in Figure 8. To determine the — 
_point at which the propeller actually passed through its maxi- 
mum torque it was assumed that this was when the propeller 
RP.M.. was 35 per cent of the. R.P.M. corresponding 195 the 
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‘speed of the ship, as both Jupiter and model tank curves 

agreed on this. By comparing Figures 6 and 8, a point can 

|  WEWMEXNICO. | 
(19 Hwor-150 RPM. Bacnine 
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be found where|the motor R.P.M. are just 35 per cent of the 
_R.P.M. required to drive the ship; the torque at this point, 
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as given by the curve in Figure 6, will be the maximum 
torque required to bring the propeller to rest. = 

The curves in Figure 8 show that it requires about 15. sec- 
onds for the propeller to drop down to the actual dragging 
" revolutions corresponding to the speed of the ship. ‘This is 
also an important point in connection with induction motor 
design, as it affects the available torque of the motor for 
reversing. These curves are very similar to curves of the 
Jupiter given in the issue of the JouRNAL previously referred 
to; in the same issue, there was outlined a method for cal- 
culating the deceleration of a ship'and a curve was worked 
out for the New Me. exico, using - this ‘method ; this curve: is 
reproduced i in Figure 8 as the dotted curve, and it will be seen. 
that it is in very close agreement With the actual curve: 

- There is one other point-in connection with electric: propul- 
sionhat was discussed in the previous issue of the JourNAL 
and that is the “turning of ships.” Experiments were made 
on the Jupiter and the Delaware by turning these ships and 
keeping the revolutions per minute of the engines constant. 
‘This is the condition that obtains: with an engine controlled 
by a governor. The experiments made on the Jupiter: and 
Delaware were repeated on the New Mexico. The trials, ¢ car- 
ried out:on the first two ships were at low speeds, being 12 
and 14 knots on the Jupiter and 12 knots on the Delaware. 
Turns were made on the New Mexico at 14.5 ‘knots, using one 
generator, and at 19.5 knots, using both generators. On the 
Delaware, the total increase of power due to turning was 39 
per cent: when using 25-degree-of rudder, om the Jupiter: it 
was 29 per cent,,.-On the, New. Mesico,,.at.14.5 knots, the 
increase was 50 per cent,,and. at 19.5 knots the increase 
was 30 per cent, but this does not represent the final limit of 
increase at 19.5 knots, as the limit of power was reached on 
the turbine before maximum power was reached. These per- 
centages are affected by the speed of the ship, by the size of 
the rudder, and by the rudder angle used, so that it is difficult 
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to predict what this percentage will be in any given case. The 
curves obtained from the New Mezxico’s trials are given in 
Figure 9. It will be noted that on the 19.5 knot trial, the 
‘increase of power on the starboard generator was 50 per cent, 
but this does not represent the limit of the increase, as the 
maximum power of the turbine was reached before the power 
rise had stopped ; with all valves open on the turbine it was not 
possible to develop any more power. This condition: repre- 
sents what actually occurs on the New Mexico during a turn; 
the governor is provided with a steam-limiting device which 
can be set to limit the power of the turbine to any desired 
amount and if the ship makes a turn, the power rises to 
this point and remains constant. This device is essential to 
the proper operation of any electric-driven ship, as otherwise 
it would be necessary to carry excessive excitation on the gen- 
erator, thus reducing the efficiency of transmission and in- 
creasing the temperatures in the electric machinery. ig 
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“NOTES ON OF. SUBMARINE DIESEL, 


The following remarks are raridom notes made while oper- 
ating under war coriditions ‘submarine’ Diesel engines of 440° 
H.P.) 4-cycle, 6-cylinder type,’ trantifactured by ‘the’ New 
London Ship and Engine Co., and installed ‘on the O-class 
submarines. As’ this' type of’ engine has become ‘almost the 
standard: production of that! Company and has’ been installed 
on'a number of our ‘submarines with’ only’ variations as to 
size and number of cylinders, it is believed that this infotma- 
tion obtained from early’ experience’ with these engines under 
strenuous operating conditions will be of value'to others tak- 
ing up the operation’ of the same type’ engifie. In addition, 
it may suggest ideas’ which ‘will be‘ of value’ in’ operating’ 
Diesel engines of other types. This article is somewhat’ of 
a continuation of an‘article by the writer‘on the’ same subject 
in’ the of! November; | 


"BEARING 


gines of the 4-cycle type when first placed in commission had 
considerable trouble with burned:out and wiped crank-shaft ' 
and. crank-pin -bearings.: No direct: cause of ‘this could be 
discovered, as one of more bearings would go out sintul- 
taneously while lubrication was apparently’ sufficient, every- 
thing running normally, and bearing previously adjusted to 
proper clearance. To understand the lubrication system on 
these engines a brief description'is as’ follows: The engines’ 
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are oiled by a forced lubrication system which comprises a 
motor-driven rotary oil pump taking oil from a sump or set- 
tling tank located in the bilge below the crank case and dis- 
charging through a cooler into a pipe with branches to each 
main bearing, from..which the, oil passes to the) interior of 
the crank-shaft through the.crank web to the crank-pin bear- 
ing; then up through the hollow connecting rod to the. wrist 
pin bearing, whence it seeps out and drains by gravity to the 
crank case from which it further drains to the sump tank, In 
addition, a mechanical oiler.is, connected to, each cylinder for. 
cylinder. wall lubrication, injecting the oil at four 
points in each cylinder. .. 
The circumstances of the were as follows: 
The first indication would. be a knock. from a crank-pin bear- 
ing with subsequent. heating of the bearing.. Upon opening 
the crank case, this bearing would be found to be burned out, 
its babbitt metal melted and run into the crank case. Upon 
test the bearing. would appear to be getting lubricating: oil 
from a good flow through the oil, hole in the crank-pin: A’ 
visual examination..without breaking down’ of the adjacent. 
main bearings would show no sign of trouble. But’ upon put-' 
ting in a new crank-pin bearing, after running an hour or sothe: 
bearing would go-again,.. Sometimes the main bearings would ; 
be burned out also, but usually the procedure was as above. 
However, it was found after. frequent recurrences of this 
trouble that even though the main bearings were apparently 
all, right and showed ‘no: signs of having been overheated, if 
they were disassembled:and examined: they ‘would be’ found: 
to be.slightly wiped and perhaps:one of them with the oil hole’ 
through the, babbitt, plugged; so that the:crank-pin was only* 
‘getting oil, from) one, side.:: This :would show a: fairly good’ 
flow..of oil, from the:crank-pin when’ ‘stopped but would not’ 
give sufficient oil. for good lubri¢ation when running, “What 
made. bearing :trouble so: inexplicable’ was ‘the: fact’ that | 
bearings would burn out. wher they had all been: 
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justed'to the proper clearance. It would have been perfectly 
understandable if the bearings had had too much or too little’ 
clearance, for'too much: would cause the’ oil’to wash out and 
prevent bearings further’ on from’ getting’ sufficient oil, and 
too little clearance would cause the bearing to run hot and 
the babbitt metal to ‘flow. But these bearings which were 
burning out were ones which had been’ adjusted with extreme 
care, and’ ‘they’ were ‘burning out too to be 
careless or faulty adjustment. 
‘The problem then became one of discovering whip the main 
bearings: were wiping and shutting ‘off the flow of oil to the 
crank-pin. In searching for the answer to this poate the 
following theory was evolved: 
Frequently when’ making examination as a result of this 
trouble, one or more of the oil pipes to the main’ bearings, or 
the radial hole in the crank web would be found plugged up 
with a sticky mass of about the consistericy and appearance 
of coal tat. ‘This occurred in’ spite of the fact’ that the lubri- 
cation’ system had been previously thoroughly cleaned out and 
the fine mesh strainers in the ‘system showed no signs of any 
foreign matter being catight there: ‘Further investigation 
showed the inside of the pistons'near ‘the top and around the 
wrist ‘pin coated with carbon’ of ‘somewhat the appearance of 
the gummy mass which had plugged the oil holes. “This car- 
boti ‘was in’an excessive amount and was apparently in all F 
pistons in about ‘equal amaunt:"’ One piston which was re- 
moved as a result of a piston seizure showed heavy carbon 
deposits’ inside and also a smaller amount of carbon around 
the wiper and ‘piston ‘rings”on the inside of the piston. As- 
suming that’ the carbon ' forming on the inside of the pistons 
and! that in the lubricating: oil pipes’ was ‘the same, it ‘became 
necéssaty to trace How it’ was formed and’ how it could get 
into the lubricating system and ‘through the strainers, 
“The theory was then evolved that the lubricating’ oil which 
seeped out’ the’ of! the wrist pin bearing and drained to 
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the crank case was being splashed onto the hot. piston, and 
cylinder jwalls and there. being . evaporated | or imperfectly. 
burned, leaving behind a heavy residue, This residue, being. 
hot and still fluid, would be partly, scraped off into the crank 
case and the other part.of it would be! worked up into the’ pis-: 
ton rings; . This. latter part would gradually work on through. 
the rings and. then.on into. the, cylinders where. it would. even-' 
tually be; burned, completely or, left.as a deposit.on, the ex-, 
haust passages. If sufficient of this residue. should be caught, 
in the piston rings at one time, it. might be, a contributory 
cause of.a piston seigure. Asa matter of fact, a number. of | 
; these did occur coincidently with the bearing trouble. . The, 
part of the residue which was scraped off. into the, crank case, 
having considerable temperature and. fluidity, would. flow 
with the.oil through the sump tank and strainers and pump, 
until it came to, the cooler, Here the, heavy. tarry particles 
would. be cooled sufficiently to But. they. 
would flow. along with, the oil until they, struck a restriction 
or smaller. passage: : such as the.pipes to each main bearing or ~ 
the holes i in the crank. webs, where the particles would lodge. 
and gradually collect :until the oil passage was shut. off. alto-. 
gether and that bearing would. lose its. oil, ,resulting in ” 
bearing troubles mentioned in the, -beginning of. this. paper.. 
The question then was how. to prevent this. action, as 
was not practicable or. desirable to install splash. plates to pre- 
vent the oil from splashing on. _the cylinder walls and. piston. 
As it was impracticable . to prevent, some of. the oil from. 
splashing, it. was decided to. reduce the oil pressure and: thus, 
reduce the amount of oil splashed... The. pumps. had. pre-, 
viously been carrying an oil pressure pounds. per square. 
inch (above atmosphere), whereas. by, design 5: pounds. per. 
square inch was sufficient for proper lubrication. But.as is. 
usual with bearing trouble, the policy had been to “give, her,; 
more oil” and the pressure had been increased. with only more> 
disastrous results, So. the average oil, pump was, re-. 
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duced to 7 pounds, and’ the machinists on watch had orders 
not to let it: go’ over 8 pounds. In addition; the cylinder 
lubrication from the mechanical oilers which had. been run- 
ning about 18 to 20, drops per minute! was. cut to 4 drops per 
minute; In addition, after each long-run, the oil passages 
were thoroughly cleaned out, especially those in the crank- 
shaft webs., A small amount of the tarry mass was discov- 
ered to have collected each time, but not sufficient to cause 
trouble... With this treatment, practically all bearing trouble 
disappeared for a: while. It reappeared-again, however, on 
a trans-Atlantic trip of the O-7. The'cause appeared mys- 
terious at first and it was feared’ that something was wrong 
with the above theory. But the new trouble:was soon located 
on investigation. It was found that, the lubricating pump 
was frequently getting air bound and losing its suction, re- 
sulting in the engine more or less frequently running for 
short intervals without any lubrication. This resulted in the 
main bearings wiping sufficiently to plug»:the oil holes and 
subsequent running burned out: the’ bearings. Nearly all 
bearings on one engine were burned out at sea from this 
cause on the return trip. ‘The pump was found to.be getting 
air bound from air leaks in the system on the suction side of 
the pump. Some trouble was experienced in definitely locat- 
ing all these air leaks, but when they were all found and rem- 
edied the bearing trouble ceased to exist!) 

Some vessels of this class had piston seizures which were 
probably caused primarily by the same cause as above. The 
wrist-pin bearings would heat up, being ‘short of oil from 
clogging in the system and the heat would be transferred to 
the:piston walls. This would cause’ excessive expansion ‘of 
the piston and cause it to stick and‘seize in the cylinder. ‘The’ 
oil residue left on the cylinder walls from its ‘partial burning 
would be a contributory cause of this result. The treatment 
as. above to. eliminate Dearing: trouble also” ended’ ‘the ent 
seizures. 
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(a) Burned’ ‘out bearings piston 
seizures, 
( Caused: high: lubricating oil pressure 
‘and’ subsequent excessive splash on hot ‘pis- 
ton and: cylinder walls, resulting in gummy 
Remedies. 
Reduce ‘oil: pressure to ‘light 
Reduce cylinder wall to ‘mini 
tor -mum, about 4:drops per minute. 
‘Clean oil passages to’ all bearings in 
hollow crank-shaft after each Jong run. 
Prevent air’ leaks on’suction side of pump, 
‘that pump: not get air’ Tose 
“suction. 
bearings adjusted to proper dlearane. 


ECONOMY. OF LUBRICATING oll. 


USE OF LUBRICATIN AS FUEL. 


The: following procedure has: tried out on: ‘the U. s. 
O-7 but is not advised as for routine un- 
less in case of emergency. 

_ The O-? on.a.trip across the: Atlantic to was 
running a very high consumption of, lubricating oil, giving 
grave concern over whether the supply would last for the 
trip... As it. was not, possible to stop toigo over the system 
discover. whether ‘the bearings had: the proper clearances. and 
whether or not this was the cause’ of the high: as’ 


* In the ppiticn of the Editor the writer was ‘very re- 
sults. by. prevailing conditions; the prat tice’ outlined has! nothing to recommend: 


it, but rather should serve as a bid example. Discussion of this article is. in- 
vited. 
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no; external leaks to; the, bilge. could be found, and as: it was 
imperative, to, reduce the consumption, the experiment was 
tried of mixing fresh water with the oil so that half.of the ex- 
penditure, would, be water -instead, of oil. This: worked: out 
very. satisfactorily. so far as could-be discovered on a 14-day 
run. The fresh water, about, 10 to 16 | gallons,: was. simply 
added, to the settling tank every. four hours, Thisamount 
would churn up, with the oil and form a. good emulsion, Once 
every. twenty-four, hours: sufficient, fresh. oil. would be added 
to bring the level. in the settling tank-to the propet point. By — 
the. use of fresh, water, the amount of oil needed to be added 
each day was.cut about in half... The mixture of oil and fresh 
water formed am emulsion which. was a: sufficient lubricant 
and the water was evaporated: off upon striking the hot parts 
of. the. system, thus reducing, the amount of lubricating 
burned, The only loss.of lubricating oil, it must: be: under- 
stood, in a system similar to.this one is either from. leaks to 
bilge or burning of the oil on the cylinders and other hot parts 
of the engine. _ By allowing the fresh water to be ‘burned’ 
or evaporated in place of. oil, considerable saving: ‘resulted. 
Great care must be observed, however, to see that fresh water 
and not salt. is used as.salt water. will leave a heavy salty de- 
posit which will ruin the engines if/ continued.: From using 
fresh water, as above; however; for over 10: days’ continuous 
running, .no harmful. results: were. a ore 
of lubricating oil: was accomplished. 
-The.use. of lubricating oil:as fuel came asa ob 
the above, economy. in: lubricating ail.; Several days before 
the end of the 14-day, trip: it. was foreseen that fuel’ oi) was 
going to be very short at the end of the run and everything 
possible: was: done. to, economize., But: the: evaporator had 
been..run.almost, cofistantly. to. furnish, fresh: water for the 
crew for bathing and :washing..as well: as diluting ‘the 
lubricating. oil; which all, resulted in: increased: fuel consump- 
tion, . It is also, believed that the heavy consumption ‘was par- 


n 

e N 

it 

j- 

n . 

: 

e 

| 

15 q 

ie 

d 

is 


622 NOTES ON OPERATION OF SUBMARINE DIESEL ENGINES. 


tially caused by extra power used in driving line shafts ‘which 
had been sprung and propellers'which had been damaged by 
striking part of the superstructure which had been previously 
carried away by heavy seas.’ Anyway, every drop of fuel 
was used when the O-7 was about 12 hours out from Punta 
Delgada, Azores, ‘to the economy: in! lubricating oil, 
there was a surplus left of about 400 gallons. To burn it in 
the engines as fuel‘was the problem, as the engines were de- 
signed to burn’a lighter oil, something between boiler fuel 
’ and the lighter ‘distillates. It was first attempted by mixing 

10 per ‘cent of alcohol (which was kept in the vessel for use 
in-torpedoes) with lubricating oil. It was feared that the 
alcohol might not mix thoroughly and ‘that if the cylinders 
received a quantity of pure alcohol, a disastrous explosion 
might result; However, the mixture was made in’ buckets 
and thoroughly stirred and then poured into the gravity feed 
tanks: After a few splutterings and misfires, the engines 
started off and appeared to run all right: It worked first rate 
and filled us with joy that we would be able to make port 
without assistance, although it kept the crew busy mixing 
alcohol and lubricating oil and pouring it into the tank. All 
went well for about 4 hours;*when the alcohol gave out and 
the destination about 8 hours away. Attempt was made to 
burn the lubricating oil without alcohol, but it-would not seem 
to fire. However, after many attempts and with the storage 
battery getting low from frequent attempts to start the en- 
gine, it was found that if the engine circulating water was 
choked down enough to allow the cylinders to warm up to a 
temperature of about 160 ‘the | would 
burn all right. 

The reason: for: this is probably: It is 
that the rise in temperature of circulating water resulted in 
somewhat i increasing the temperature of ‘compression, and also - 
that the. mixing chamber ‘of the spray valve became’ hotter 
from the increase in temperature of the ‘circulating water 
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and that this resulted in better flow of the lubricating oil 
through the spray nozzles and consequently a finer spray. 
Anyway, following this procedure good combustion was ob- 
tained and for about 8 hours no further trouble burning 
straight lubricating’ oil for fuel was experienced. The vessel 
reached the destination with both engines running and a sup- 
ply of lubricating oil to, run) for quite a. number of 
hours more, . 

However, the ag is and 
results in excessive carbonization, of. cylinders, imperfect 
combustion, and might. result, in burning ‘ spray, valve nozzles 
and in damage to fuel oil pump. . So.it is not advocated. as 
standard practice unless in an. emergency to reach port. with 
all fuel exhausted. The method . used. in burning , it, how- 
ever, is a good thing to know i In case an, 
its use, 3 

The mixing water with fubricating’ oil ‘for. iubricating 
purposes is not advocated as standard practice as it is not be- 
lieved to be necessary under proper conditions and might 
result in corrosion o journals. or bearings. if carried out for 
a long time. The possibility of its use, however, i is a good 
thing to bear in mind if ever caught out at sea with lubricat- 
ing oil running low and ho other _way to reach port. 
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TEST, OF CLOTHEL, REFRIGERATING 

was conducted’ at’ ‘the Ss. Naval Engineer: 
ing Experiment Station, Annapolis, Md., a test of a two-ton 
refrigerating machine manufactured by the Clothel Co., New 
York City. Inasmuch as Refrigerating Machines of this type 
in smaller sizes are in use in the Naval Service, it is believed 
that a description of the two-ton machine and a brief ‘sum- 
mary of the results obtained on the test would be of interest. 

‘The refrigerant used in the machine is Ethyl-Chloride, 
C,H,C1, a neutral chemical having a boiling point of 54.5 de- . 
grees F. at atmospheric pressure. The unit consists of a 
motor-driven rotary compressor, a condenser, ‘Separator, ex- 
pansion trap and brine cooler. The motor-driven compressor 
is shown in Fig. 1. The motor drives the compressor through 
spur gears having ‘a speed reduction of 3.75 to 1. Small 
rotary pumps for circulating - the brine and the condensin 
water are driven from either side. of: a ‘spur gear which is 
driven in turn by the large gear. “The construction of the 
rotary compressor is shown in detail in Fig. 2. The rotor is 
located eccentrically in the cylinder which is bored elliptically 
on a special machine. The top of the rotor makes contact 
with the top of the cylinder, thereby forming a seal between 
the suction and pressure sides’ of the cylinder. The blades 
are fitted into four slots milled radially in the rotor and into 
the outer edge of the blades are fitted half round packing 
strips which are machined to conform to the inside of the 
cylinder. The blades and packing strips are held out by 
spacing pins which pass through the center of the shaft. The 
seal between the blade and cylinder wall is therefore positive 
and contact between blade and cylinder wall does not depend 
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Fic. 1.—Mortor-Driven Rorary Compressor. 
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upon springs or upon upon the blades. 
The rotor is keyed to the steel shaft which is carried on self- 
aligned, heavy duty, double-row ball-bearings sip aN in the 
cylinder heads. 
The lubricant, which is C. P; Gren is passed from the 
condenser through a glycerine strainer. One line from the 


| 


strainer leads to the compressor stuffing-box, forming a posi- -— 
tive glycerine seal on the packing, another line;leads-to the _ 
glycerine sight feed glass. From this poitit, the glycerine is 
_ forced to each end of the compressor and through channels in 
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the compressor heads to the 
here it is picked up by the compressor blades and’ ‘carried into 
the cylinder and thrown out ‘with the compressed gases to the 
and. In the separator, the glycerine and 


for the lubricant. 


i j il j 
ethyl-chloride are separated, and the glycerine is again forced : 
__ back to the compressorsmaking a completé and positive cycle ; 
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The arrangement of the complete ‘refrigerating apparatus 
working in ‘connection ‘with a cold-storage’ compartment and . 
ice-making tank is shown in the isometric drawing, Fig.’ 8. 


“Fre. Coorkr: 


From: the the ‘refrigerant in ‘form of “gas 
flows to'the condenser which is shown in detail in/Fig. 4: The 
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condensing element consists of U-tubes arranged. in two 
passes with condensing water flowing through . the. tubes. 
After being condensed, the liquid refrigerant, together with 


Fic. anp Brine ASSEMBLy. 


the lubricant, falls into the separator where the lubricant, 
being heavier than the refrigerant, is drained back to the com- 
pressor and the liquid refrigerant .is; lead: to:the expansiori 
trap as shown in, Fig..3,:,,After expansion through the valve 


| 

| 


TEST OF TWO-TON CLOTHEL REFRIGERATING MACHINE. 631 


of the ‘expansion | trap,’ the refrigerant passes'to the brine 
cooler which is shown in detail in’ Fig. 5. ‘The construction 
of the brine ‘cooler is similar to that of the condenser. The 
refrigerant is in the shell and the brine passes throtigh U-tubes | 
arrariged in two passes. In the brine cooler, the refrigerant 
is vaporized by the heat which is abstracted from the brine, 
and the refrigerant, in the form of a vapor, —: to dren! 
compressor where the cycle of operations is repeated.” 

- The apparatus was erected for test exactly as shown in the 
assembly drawing, Fig. 3. The speed of the motor’was de- 
termitied by a continuous reading speed counter. Pressures 
were''taken’ as follows: of the refrigerant leaving’ the com- 
pressor, in the condenser, in the brine cooler, and entering the 
compressor; of brine entering the brine pump, leaving the 
brine pump, entering the cooler and leaving the cooler; of the 
circulating water entering the condenser and’ leaving the con- 
denser ; entering the compressor water jacket and leaving the 
compressor water jacket. ‘Temperatures ‘were ‘taken ‘as’ fol- 
lows: of the refrigerant leaving the compressor, in the con- 
denser, leaving ‘the separator, leaving trap in the cooler, and 
entering the compressor; of the condensing water entering 
and leaving the condenser and entering and léaving ‘coni- 
cooler, 

the except of the were. taken 
with ordinary’ mercury thermometers reading to 1-degree in 
which 10th of a degree could be estimated.’ This type of 
thermometer, however, was not ‘sufficiently accurate for the 
measurement of brine temperatures, because the measurement 
of reftigeration in the method used during the test depended 
upon the measurement of the drop in temperature ‘of the 
brine passing through the cooler, and inasmuch as this drop 
in temperature would usually amount to only two'or three de- 
grees, thermometers in which 10ths ofa degree must’ bevesti- 
mated were not sufficiently accurate: -For' the purpose’ of 
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measuring inlet and outlet brine.temperature, special .ther- 
mometers were used having. graduations to. 10ths, ofa degree 
and in which 100ths of a degree! could be. ‘estimated. . The 
thermometers, were read by means of.telescopes and: by in- 
terchanging the inlet and, outlet. thermometers, several. times 
during each run any possible error in the differential.tempera- 
ture between. the inlet and outlet brine could. be determined 
and eliminated. ...From the analysis’ of. the, brine temperature 
readings thus obtained, the average possible error in tempera- 
ture difference,was found to be'less than 0.02 degree Fi... 
The electrical, input.to the, motor. was measured. by means 
of an ammeter in the.armature, circuit,, an. ammeter. in. the 
field circuit, a voltmeter connected across the armature, and 
a voltmeter connected. across series and interpole. fields... From. 
these electrical readings, the output, of the, motor was deters 

mined. by means of the stray power method. 

Condenser circulating water and. the cylinder: circu- 
lating water were weighed in.tanks on platform scales. The 
amount of brine circulating through the brine .cooler was 
measured by. means of a calibrated Venturi meter which was 
located. in. the line between the brine, pump and ‘the brine 
cooler. This Venturi meter ‘was .calibrated by comparison 
with weighings of brine on calibrated scales... During the run 
the brine from the brine cooler was circulated through a brine 
heater, where by means of circulating water. sufficient heat 
was added to bring the brine tothe temperature desired. for 
the run. From the brine. heater the brine was: discharged into 
a. storage, tank from which. the brine pump, took: its suction. 
By this means a very constant brine temperature of any de-, 
sired value could, be obtained. The. reading of a differentia! 
mercury manometer on the Venturi meter indicated the quan-. 
tity of brine flow. . During the. calibration. of .the. Venturi 
meter, the brine was, discharged. into tanks on scales mounted 
above. the brine. storage. tank, and, of. 
were kept the same as during the runs. 
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» Runs were made with circulating water temperatures of ap- 
proximately 65, 70, atid 90 degrees F. “With 65 degrees cir- 
culating water, 4 runs. were made with-outlet brine tempera- 
tire Of approximately zero, 10, 15 and 20 degrees F. With 
70 degrees circulating: water, runs were made with outlet 
brine temperatures of zero, 10, 15 and 20 degrees. With 90 
degreés circulating water, runs were made with outlet brine 
temperatures of zero, 10, 15, 20, 30 and 35 degrees F. All 
runs were made at the rated. speed of the machine. Runs 
were not started until the conditions. became constant ond 
cach tun Waszof &-duratidn hours 


RESULTS: OF TEST. 


The principal obtained on the test’ are given in 
Table I. The total refrigerating effect was determined from 
the heat given up. by the brine in the brine cooler.. In order 
to obtain the net available refrigerating effect, the amount of 
heat added to the ‘brine by the brine circulating pump. was 
subtracted from the total refrigerating effect. The heat 
given up by the brine in the brine-cooler was computed-from 
the product of quantity of brine circulated, drop in tempera- 
ture of brine in passing through cooler, and specific heat of the 
~brine. The value of specific heat of the brine was obtained 
from the Bureau of Standards Seientifie Paper No; 185. 

An inspection of the table of results shows that the refrig- 
erating effect is increased. with higher brine temperatures and 
lower circulating’ water temperatures... With a circulating 
water temperature of 70. 1 degrees F., and a brine temperature - 
of 14.57 degrees F. (which is practically the ice-making tem- 
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CHARLES H. MANNING 


In the death, 1, 1919, of Chico Charles H. 
Manning, U. So Navy, retired, there ‘passed’ away an officer 
whom the Navy ‘of his day honored for his engineering: gettius, 
his sterling character, and his‘kindly ‘and genial qualities which 
won men’s: friendship. everywhere. Loyal, gallant, faithful ih 
all thingsthus ‘he lived to” honored ‘age: Arid, passing, 
he teaves noble ‘memories to the engineeritig Navy Of Otir day. - 
Charles Henry ‘Manning’ was born im Baltimore,’ on 
June'9, 1844. He*was' the son of Joseph Cogswell Manning 
and Rebecca Parkman Jarvis (Livermore) ‘Manning, and 
came from old New England stock, having been the’ deseendant 
in ‘thé ninth generation of William Manning, ‘who settled in 
Cambridge, Mass.,in 1634, and whose land there’ remained 
in the Manning family for more than two hundred arid’ thirty 
years thereafter. 1871;’Captain Manning married ‘Miss 
Fanny’ Baftlett; of Boston, the sister of Major-General ‘Will: 
iam F; Bartlett, one of the most’ ‘sent’ by 
‘to the Civil War) be 

~Mannings” father ‘was’ for’ many’ a iron 
ibaa oe Baltimore, owning and operating the Avalon ‘Nail 
and Iron Works there. He received his early ‘edtication’ in 
private schools’ in ‘Battimiore'and ‘inthe High School’ 6f°Cam- 
bridge,’ Massi""' If 1860, ‘he entered the Lawrence Scientific 
School" of! Harvard University to study’ ‘civil engineering. 
After the fall of Fort Sumter, he’ joined 'the drill club’ which 
guardéd thie State Arsenal at' Cambridge, aiid later was offered 
a fieliténancy iti a Massachisetts ‘regiment; whieh; because of 
his’ youth, hisfather Would not permit Hifi 
“Owing to his*fathéer’s’ business’reverses ‘brought’ on ‘by: the 
war, Manning returned to Baltimore in the ‘atitumn’ of 1867, 
atid; following’ his benty apprentice the 
engine works Charles Reeder’ fs "Working 
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naval vessels, he met a number of their engineer officers. Con- 
tact with them gave his active energies a definite aim, and, as 
a result, he was appointed a Third: Assistant Engineer i in the 
Navy on February 19, 18, having ee third i in the ots 
af sixteen of that date...) 
He was, however, to little ‘indi ité, 
since Engineer-in-Chief, Isherwood, recognizing his worth as a 
scientific, observer, kept, him, closely occupied with the: classic 
experiments, on  superheated.steam, in, the Adelaide. and: other 
vessels, thus limiting his experience :of.actual naval war to some 
_ brief.fighting in Hampton. Roads and to. — im — of 
troops during the siege of Charleston, 
He, served on, the Adelaide for two. ‘and left ther. in 
March, 1865, for the sloop-of-war Dacotah to which vessel he 
was attached until September, 1868, making in, her the ‘circuit 
of South America and. cruising|as far north 
outward passage was noteworthy for the company of the Peru- 
vian ironclads Independencia and. Huascar from Rio de Janeiro 
onward, since the. latter vessel was; to become memorable. in 
naval history. for her heroic fight in.the subsequent..war, with 
Chile; The Dacotah ;was.also at Valparaiso during the great 
earthquake of August, 1868, and the nextiday left for Africa, 
where 10,000. lives had been lost and the U.S: S. Wateree— 
an iron;double; ender-—had been, washed.a mile, inland, left 
From the Dacotah, Manning was ordered to the 
Seminole which. cruised on.the home ‘station, mainly in, West 
Indian,, waters, until, February, 1870, when. she; returned’ to 
New, York ;with yellow, fever on; board,. and was :put out \of 
commission... From.September, 1875, to September, 1877, he 
served.on the sloop-of-war Swatara,.and from. September, 
1880, to August, 1882, on; the President’s. Yacht, Despatch— 
in both ,cases.on-the. home: station. With the. his 
service at,sea ended., Siew 
Owing, to. his. not only in engineering Science 
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from 1877, "Daring. the of. ‘these 
tours of duty, he aided is in: organizing, the, course. of instruction 
for Cadet Engineers at, the Academy-—in. fact, as, the subse- 
quent experience of his students proved, his. influence Jag, a 
most marked and lasting effect on that course... . .., 
his was the most valuable work I. ever did,” the 
veteran engineer to, writer. one, evening long, ago, as, he 
reviewed the achievements. of 2 life, strenuous -always,, and 
successful i in, so, many. fields. And, he, ‘might well say, this; 
for the courses which, he.had so vital,a,part.in founding con- 
stituted not only | the first definite effort, by. any navy, to, train 
young men for its Engineer Corps, but formed as well; the. first 
technical school of mechanical engineering established. in the 
United States. The work .of Manning and his associates— 
Kafer, Tower, ‘Kearney, and others—in this aided, signally 
in ‘the advancement of the. sciences, of, 
engineering. 

~The engineering ‘course at “Annapolis was ‘established ty 
Congress i in 1864, but the project languished until 1871, when 
the first class of sixteen members was admitted to the hs neater, 


were as, Cadet. to. the of the 
Navy. i 
The cou met ‘thus it its ‘sudden because of 
success, and that ; success. ‘was the result, primarily, of, two con- 
ditions : ‘first, its instructors were picked men, the ablest, in the 
Engineer Corps of ‘that day; second, its, cadets, were selected — 
by competitive examinations, so severe eventually that most. of 
the, successful candidates came. from, colleges. or universities. 
“the ‘natural result of, th this. system was the. formation, of, a 
of. students who, in. “scientific ‘ability, could but, be 


superior, whole, to the Midshipmen of, that, day, 


at the Naval Academy, where he was.stationed.for five years | 
1882, when, in the full tide of its success, it was. abolished 
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who were tiie! ‘asa tule, appointed by political influence. “The 
Contrast ‘between the two courses was sharply ‘shown, when, 
in 1882, the Cadet’ Engineers ‘were transferred to. the corre- 
sponding classes of Cadet’ Midshipmen. In his work, The 
Steain Navy of ‘the’ United States,” Frank M. Ben- 
nett) UsS.Navy, says? 
“ A year after the ‘was. we ‘find that seven 
of the first’ ten members of the graduating class ‘were former 
efigineérs. the next class) the three leading mem- 
bers were former Cadet Engineers. ‘* #8 Th the third class, 
after the amalgamation took place, we find that thir- 
teén' of the’ first ‘fifteen members, nine of the first ten, and all 
six of the’ ‘stars’ were former Cadet Engineers.” 
All navies were then, like our own, in a ‘transition. ‘stage, 
passing’ slowly atid reluctantly from sails to steam. The 
inevitable and sweeping progress of ‘engineering in “naval 
scienite ‘was then far ‘from being foreseen by even engineers 
themselves. It is not strange, then, that the great body of 
Line Officers, proud of the noble traditions of the days of sail, 
should have dreaded the effect’ of such a system of engineering 
education upon the’ prestige of their branch of the service, 
and’so the chdnge was made. “Even that accomplished sea- 
ian,’ Captain Jack” ‘Philip, when’ asked, why the course had 
béen Abolished? said’ franitly! “We had to do it. Tt we had 
not, ‘the engirieers would!’ ‘crowded’ us ‘off our ‘ships.’ 
From the viewpoints of naval efficienc and of harmony within 
thie ‘Navy, itis’ Fégrettable that the’ ‘effective solution ‘of this 
vital proble m—iven by ‘the’ Atralgamation Act of 1899 —w 
Sooner fotind/ that enig ineering was ‘not earlier att 
'alWays, on the of the’ Tine’ of the 
1884} while thé Minin 
a the first Advisor fy Board: consisted 
at thirteen’ officer's of ‘the ig ineer Corps, and Construc- 
tion’ Corps.” ‘The’ bhiginesr in Manning, 
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CHARLES H. MANNING. 639 
were, Chief, /Benjamin.F. Isherwood. and Charles H. 
Loring. In one, noteworthy. step, of the Board’s, action—the 
decision to build the hulls of the new vessels of steel—-Manning 
cast the deciding yote, the Board standing 7 to,6, and, he: being 
the. only, engineer) who, in. the: existing, condition of; steel- 
making in, the United. States, was, take responti- 
bility. of: voting for, that metal, tf 

setvice to his, Corps, in by all juss means 
the rightful recognition. of engineering, began early. as was to 
be;expected..from his, determined character....The Line and 
Staff feud of those; old days was a relentless strife, the. bitter- 
ness, of which: it, is. difficult, to. realize. fully, at, this.time. -;Two 
his. boldness, in, forcing, justice. . 
_ A bill had. been rushed. ie 

in the closing days.of Congress, abolishing the grade of Third 
Assistant Engineer. If this measure had become: a law, its 
effect: would have been ‘to, drop summarily these officets from 
the:navy, wherever they might. be stationed,‘ from China to 
Peru,” without. even an. allowance for, traveling, expenses 
their, homes, By. unremitting effort,,-Manning; through 
friend, brought the bill to the indignant attention of President 
Andrew Johnson. on.the last day of the latter's 'term:of office. 
The. President said: -““ This: measure will!become a! law’ today; 
with, or. without.my signature,,'; There: is: but one thing ‘to do,” 
and, with his.own hands, he tore the bill.in two threw, the 


fragments intoja. fire blazing in! an open grate! in hhis/office'at 


the White.House; . With;Congress: on: the verge of.adjourn- 
ment and the; only legal. copy,,of. the; bill thus’ destroyed, the 
threatened officers, were saved, to the Navys) 
Shortly, after, Manning; informed) by. the: chairman. of 
the Naval.Committee'of the Senate that: that body would con- 
-firm.appointments of, certain’ engineer officers if their, nomi- 
nations were sent,in, at,once by: the: Navy Department, but that 
a further delay would be dangerous:| -He},called upon: the 
Secretary of the Navy immediately and stated the case. The 
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Secretary, new to his office, sent for “Admiral Porter, ‘who, at 
that tittle, ‘was “virtually Supreme: int affairs. The Ad- 


but in’his presence, stich a ‘forcible’ 
ment to the Secretary ‘that,’ despite’ the’ ‘Admnital’s’ opposition, 
the nominations were’sent’in ‘and’ promptly’ confirmed. Only 
those familiar with naval custors’¢an understand fully. the 
boldness of 4 young' offiter' of twenty-five iii ‘thus antagonizing 
the Admiral of the Navy.’ Stich temerity could have, in those 
days, but one restilt a’ prompt ‘eruise’ to’ the ‘torrid’ West’ Tn- 
aes to which’ Manning ‘shortly ordered.” totbust 
It is pleasant to note'that Admiral Porter, while’ telentless 
enemy with an ‘unfading memory, had’ ‘manly’ respect for a 
worthy foeman. Years after, recognizing’ Manning on the 
Despatch; he-came to the engineet ‘officer arid entered into a 
long and pleasant’ as there hath war 
between! theme > 
“In May, 1884, “Manning was’ placed on the’ list of 
‘ the Navy, owing to a partial loss of hearing, due, as the medi¢al 
board reported, to exposure “in the line ‘of duty.” “The retire- 
ment of: such: an officer, otherwise in’ the’ full vigor ‘of man- 
hood, was a most’ ‘sériots ‘loss Corps ‘and ‘the’ Navy, a 
view which Chief Engineer Isherwood ‘expressed in ‘an ap- 
preciative’ letter to him; which’ Rear-Admiital ‘John’ L. 
Worden; who had commanded the Monitor in her engagements 
with the Merrimac, and who 'was then the president’ of the Re- 
tiring Board, also-held, since he said 'to Manning: “I would 
rather see any other man than ‘you’ in your Corps 
In August, 1882, Manning was granted ‘a ‘year’s leave’ of 
absence after twelve years of continuous’ duty. This leave 
was given that he might become Mechanical Engineer of the ' 
Amoskeag’ Manufacturing Company, of Manchester; N. H. 
Subsequently, he became General Superintendent ‘of this*com- 
pany, remaining as such until 1913 when’ retired — 
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Comparly ‘Operated the’ argest mills 
in the’ world, its land and buildiigs extending in an un- 
broken line On both sides of the Mertiniae River for a'mile and 
a half. “As Superintendent, Captain Manning had charge of 
the power plant’ and the’ buildings and grounds, anid’in addition 
was the architect’ and buildér of riéw mills there, including. the 
latest, the Coolidge Mill, erected | during recent years, ‘The 
otitpat OF ‘these mifls is’ abottt ‘a’ miiffion yards Of cloth a day. 
Under’ his. administration, ‘the’ stéarn’ power plant grew from 
one of 870 sdiiare feet of grate surface burning about 400. tons 
of cal per" week, ‘to one! of” 5,800 ‘square feet, 
3.000 tons. ont .to off bo 
tnills show’ i traces of Captain 
ning’s ability engineer and organizer. In'the beginning 
Of his Service, ‘He’ re-assembled the ‘boiler plant after 4 plan 
striking in its boldtiess” "The widely scattered units were gath- 
ered into groups near the coal pile, a steam pipe was laid across 
the river, and, in one case, steam was led through a pipe fearly : 
half a mile “long: ’ Then; he’ designed the Manning Vertical 
water-tube boiler, which is used not only in the Amoskeag 
Mills” but very largely" in textile ‘mantifacturing in New 

° Thr 1885, ‘he: was’ an ‘pioneer i in ‘designing’ and 
‘bisilding’ ‘at’ ‘the “Amoskeag’' Mills’ the’ fitst large’ installation 
(2,000: horsepower) of water turbines’ on a horizontal shaft. 
The fall of water was 47 feet and éritics claimed that the. side- 
wise thrust on the wheels would affect ‘their operation. “They, 
however, tan smoothly from the beginning. ‘In 1891, a fly- 
wheel; 80° feet ‘in diameter and’ running: at 60 revolutions per 
minute, burst in'one of these mills, the cause being a ‘defective 
casting. ” “Matining replaced it with his historic 30-ft.’ wooden 
flywheel, iron wheel’ with a’ rim’ built’ almost’ wholly of 
wood.” The! riny a! face ‘of 10854 inches anda’ thickriess 
of 12 inches, atid was ‘made ‘ip of forty rings of ash) <mp 
Maniniing’s service daring the Spanish-American War proved 
the ‘sterling quality Of’ his patriotism.’ "It was ‘to’ all 
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well-informed officers that the naval. fighting i in that war. could 
; be but brief and relatively unimportant, since our force, on) the 
sea was overwhelmingly superior to that of, Spain... Manning 
was then fifty-four years of age, his business. responsibilities 
é were ‘great, and he had the strongest political. and naval influ- 

ence, since both the Secretary of the Navy, Ane, he 
in-Chief. were his personal friends. 

In these, conditions, many retired, officers hia, would 
have been tempted to seek assignments, to, relatively. light, iri- 
spection duty near their homes. - Not so with Manning. There 
was important work to be done at. the, Key West Naval Station, 
in the repair of the ‘machinery of the many warships , which 
gathered there... Owing to the torrid climate, there .was;no 
more. unpleasant shore. duty, for. a.naval. officer... But, when 
Manning was asked. to go. there as Chief. Engineer. he. went 


without question, and. spent. the in the stifling, Die. 


glad to. serve the flag again, 

Years ago, in correspondence with writer, ‘Rear Admiral 
Melville, formerly the., Navy, said. 
Manning’: 's work there; , 


“How fast the men of the old E fading! 


There are left now but few of that bright galaxy-—Kafer, 


Manning, Thurston, West,.and_a. half score of .,others—who 
established. the course: for; cadet engineers, my, mind, the. 


ablest and, most level-headed of them all was, Manning, ., He 
was big in every way—in build and,brain. and heart... 
_“ During the Spanish-American War the Navy - Department 


was disturbed, by the unusual number: of ships. which were, laid 


up for, repairs at, Key, West... For various reasons the situation. 


at, that. station was difficult to handle, , As, engineer-in-chief, 


tried, several, engineer officers, there,, themy an. abun- 


dance of tools and material; but the ships still lingered. Fi inally, 
I_sent, Manning there; and, the atmosphere, of delay cleared 
quickly. He put no extra, polish, or. finish. on the. work, but 

‘that tended to efficiency,of the machinery was.done, and, done 
and, his, energy, .the ships were 
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soon despatched to their stations on the,southern side of the 
island of Cuba.” 


Manning was active in civic, duties, .. He was a 


the Board of Visitors at Harvard University. ‘In Aciincher, 

he was a member of the School Board for twenty years or 
more, and for many years a trustee of the Elliot hospital. As 
an authority on water rights and hydraulic: engineering gen- 
erally, he was for twenty-eight years a member of the Board of 
Water of the time its president—and 
was, by far, most influential inf of 
the city’s note water- supply. 

He was a | Past_Vice-Commander of the ‘Military Order of 
the Loyal Legion, and a Past Vice-President and Honorary 
_ Member of the American Society of Mechanical Engineers. 
In 1895, Harvard University conferred on him the degree of 
Bachelor of Science, as of his old class of 1862. He was a 
member of the- American=Society of: Naval Engineers, the 
United States Naval-Institute, the- -American Society of ‘Naval 
Architects and Marine Engineers, the American Association 
for the Advancement. of Science, and the Ammeridtti Society 
of Cotton Manufacturers. 


In closing this-brief-s sketch, the-1 writer- eels. that it records 
but inadequately. the forceful and brilliant. career of the gallant 
officer who was his instructor and friend in years gone by. 
Every inch a man, and in every fibre an engineer, Captain 
Manning, in his setvice, not honored his 
and the 


as well a re 1 


t 
‘deep respect the: warm friendship of many 
. 


i 
644 PROBLEM CORNER. 
Solutiotis of previous’ problems, 
‘ 
Lt 
= 
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Problem No: 2, ‘No solution sibmitted. 231 


Problem No. 3. The moment of the ditcular baaanall 
about the y see Fig. 2, is 


‘ 


aM 
jae 


sin 0 = 1 or = 90°. “The counterbalance of maxi- 


mum effect i is therefore-a se semicircle. eta 


his moment when 


bog 

ob 
| 

| 

oN 


Since M = sin! and sin 0 = = = which 
_ is to say, all segments having the same center and the same 
breadth have the same moment. 

From a practical standpoint the semicircular counter- 
balance is too heavy and interferes with machining when, 
forged on. The thickness of the crank webs deterimines the 
thickness of the counterbalance. The thickness’ of the 
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counterbalance and its maximum radius being determined, 
its breadth and distance. the, axis can 
the expression for M.. m aft ¢ 


If a rod be suspended frou one. a its pointy vit time a a 
single beat is ¢ = EE, being the radius::of gyra- 


tion, about the center. .of gravity and. 4 the. distance of the 
point of support yom the center of gravity. 


5 


= 1 if it isto make 6 beats minute, 


For another of suspension to saline period h 


of = 
The maximum rate occurs when ¢ is a mini um, that —— 


when is minimam or wh = 


TRE 
dtbsor 


per, minute... See Fig.:3: “to “ezondoid? 
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In bending “Horm =44 or a given 
the strongest beam resists ‘the moment, 
that i is to say : isa ‘maximum. For a rectangular beam, 


= 


Alsok = D sin and 6 = 


= D! (cos 0 — cos* is maximum 


{% D* (cos (—sin 0+ 3 cos? 0 sind) =0 


| ‘Problem | No. 6 
For a given ‘load “or bending he stiffest 
has a minimum deflection, that is to say, its tadius of curva- 


ture = i is a ‘maximum ; M being is 


+ OF — # = 0 
4h = hence } D and = 4D 


3 sin? cost = 415 
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Problems Nos.7..and 8. 
Fig. Son ne 


“ort 
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Problem’ 
A weight of P. — lengthens the supporting spring 


fia dt, from: which 
"The period is T 


"Solution is to Problem No. 9 


where, as in the= previous Case e a ‘extension, of 


"The to | i in. the of 
the axis and to accelerating forces in a plane perpendicular 
to the axis until ‘the motor comes up. to, speed. Hence ‘the 
rod is subject to greatest stress when both ‘forces are acting 
and when both are greatest, this occurs just before uniform 
speed is reached. 

The work done in accelerating the armature and rod from 
zero R. P.M. is W = }* (Ig +Ip). 


| then m | 


Since this is done # seconds, the power 


expended is;P,=.4 so ow an 


aut of balance both statically and dynathically. 


‘No. 72. 


Let x be the difference in ages, “then when Mary was three 
times as old as Ann, Mary was $x and Ann was + x..,.When 
Ann will be will be 2 x. years‘ ‘old.. When, Mary, 
was } Ann was = = 4.2, then Mary.is. now, 

aX =12 x and Ann is now 1? oe 

ist? = 27and Anmis $ 

When»a space devoted’ 'to the proposition and 
problems was suggested for the JoURNAL, it was hoped that’ 
such space might develop into a clearing house for the actual 

problems encountered in: sérvice ‘ashore and afloat, research 
and original investigation. 


in the June ‘number of the of the Naval Institute. 
Practical, live, and up-to-the-minute problems can be fur- 
nished dale by the members of the st and ‘the manent 
of the JOURNAL.. Come across! . 

“The following are, not, sufficiently serious 


in the Journal but are, given, to furnish and , 
amusement to the studiously inclined. Ce 


“Problem No. 1, 


A ship A maintains speed and course. Another ship cy mM 
miles’ ‘abeain of "A: ‘overtakes ‘A by” speed | and 
changing course’ so as’ to always head’for A." If A steams 
knots B steams B knots, ‘how long does it take to" Over-. 
take A, how far does each travel and what is the course of B? 
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If, as we put it, force’ times distance’ is' work and’ 


force times lever arm _is,torque, how cam it, be that 
the dimension of both a is the same ? 


“Closed vessel, fitted with: water, is made 244 


revolve ‘about its axis.” In calculating ‘the pressure at various 
gaia a is common’ to apply the expression ag centrifugal 


force Show that this is altogether wrong 


work correct fornulls for two cases, (a) when the 
height | of is ‘when: fis 


"Problem 16. 


“Ika Projectile weighs 125 pounds, yt it 


weigh ¢ on the moon? How much won, thers, be. 


FEL 


A boiler: plate, ‘sides and. G, is lying 
q of the floor. “Which corner is the’ lightest to lift (opposite. 
q side resting on’ the’ floor ) and which i is the lightest t to ) carry. 
the plate by ? Cea 


Problem 


q chute, men, can. lear ie deck i in minntes, 
six men, sen in. long will it take, 


Problem No. | 
i 
“g 
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Vickers’ ‘achievement in construction during the war 
is one of which the firm. has sing pp to be proud. Fifty-four | sub- 
marines of all classes have. been built and commissioned ina sii of 
fifty-one months..of war, and are detailed as follows: ‘ar: 


of these boats, af. exeept and classes were built to Admiralty 


These are ‘additionally interesting it is that 
in practi every class Messrs. Vickers were the pioneer builders. The: 
outbreak the war found: the in a remarkably good: position. 
for the rapid output of submarines: The: type which then) being 
of which ‘several were in paver well- 
‘This “E” class is. one of the: most humerous in’ the fleet. These ves- 
sels, as their ‘performances: have shown, proved themselves: suitable: for. 
work. ‘Two of them,°A.E. 1 and AE. 2, after:completion 
at Barrow, proceeded: under their ‘own »power to Australia and: took up 
duties with: the “Australian ‘Navy. ‘these’ vessels ‘actually had 
30,000. miles ‘to credit before it was: necessary for: 
her to undergo! a refit to her propelling machinery. As sea-going boats: 
they were a distinct step in advancement’ om previous: classes. exten-' 
sive superstructure’ combined with the navigating bridge built» over the’ 
conning tower made :them easy to navigate in even the roughest weather. 
This ‘is the more ap preciated ‘when it is understood: that only 
in the finest: weather could B” or: class boat cruise on ‘the surface 
with open: hatches. 
The overall length of the “E” class is 181 feet, beam’ 22) feet 7 inches: : 
s the side itanks, and the’ displacement when submetged ‘is 780 tons.’ 
As regards, armamient, five 18-inch ‘diameter: torpedo: tubes are: carried, 
two in the bow, two: on and: one in ‘the ‘stern. « Each 
is provided with one ‘spare torpedo, th making total of 10 torpedoes 
carried. The :vessels: have: been: fitted ai also’ guns of various types,’ 
‘statement would be necessary to’ give: full particulars of: 
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The radius of action at a cruising speed of 10 knots is 3,225 nautical 
miles, with a total oil fuel capacity of 42 tons. A surface speed of 15 
knots is obtained by twin screws which are each driven by a_ Vickers’ 
eight-cylinder heavy oil engine of four-cycle, vertical, single-acting type, 
each engine developing 800 brake horsepower. The motors, for use when 
submerged, are of the Vickers’ single-armature open type, each developing 
420 brake horsepower, and resultingin.a speed of 10 knots. The power 
for the motors is stored in two separate batteries of 112 cells each, con- 
sttuctéd ‘by ‘the Chloride Electrical | Storage Company, of “Manchester: 
Air storage is provided by 57 bottles stowed about the ship. High-pres- 
sure air compressors keep the bottles charged. 

To equip these boats for more effective scouting and patrol work, a 
wireless telegraphy installation is fitted, the aerial being carried ‘on folding 
masts. ‘In addition, ‘a’ set of under-water signalling ‘gear ‘is carried: “Two. 
riscopes are’ fitted, one being a simple, ‘single-power instrument, the ‘other: 

ing fitted with a device which readily permits of alternative ‘powers’ of 
1 and 6 being used. The latter can also be used as a “sky-searcher” for 
detecting enemy aircraft. 

Messrs. Vickers created a record as regards the building’ and equipment 
of the “E” class submarines, E. 19 being built, equipped and handed over 
to the British Admiralty in exactly eight months; whilst a flotilla of six, 
including the above, was commissioned in thirteen months from thé date of 
verbal Admiralty instructions: to. proceed with their construction,’ During 
the period in which the company were engaged on “ FE” class construction, 
they were also devoting considerable attention to a new type of submarine 
in which the principal idea was the provision of a complete double hull. 

The “G” class followed upon the. Vickers’ “B” design, to which refer- 
ence will be made later. This is of increased size and armament. The 
class. (of which Messrs. Vickers constructed: six) is’ 187 feet long, 22) 


feet 8 inches beam, with a owen > Seprevaitenes of 840 tons. These. 


dimensions’ follow ‘the single-hull class: very closely, with in- 
creased: displacement consequent on the addition. of the double hull.): The: 
full surface speed of these vessels is 1544 knots, obtained: by twin Vickers’. 
heavy oil engines, each developing 800 brake horsepower. The, full speed 
submerged is 10 knots, the motors: working at 420 brake horsepower'each:: 
The armament of the “G” class consists of two ‘bow and two broadside 
torpedo tubes, 18-inch ‘diameter, and one ‘stern tube, 21-inch diameter, with 
a spare ‘torpedo for:each tube. :;The guns are two in: number,’ situated on 
the superstructure at either end of the conning tower casing, one being of 
the disappearing type:3-inch Q.F.,:and the 
To augment -the submarine fleet as quickly: as: possible; inthe early 
months of the war, Messrs: -Vickers placed the resources oftheir! Canadian: 
establishment Montreal at! the: disposal of the British Admiralty: As a‘ 
result of this arrangement 10 submarines of the “ H-” class’ were added to: 
the service;) These were designed. by ‘the Electric Boat: Company, of 
America, and were sister, vessels to: some jof: the: later submarines in the 
United States Navy.:'They' formed 'a ‘very handy type of small submarine, 
and did useful, work in the Adriatic as well as in the North Sea: Their: 
seaworthiness was fully proved during the voyage across the Atlantic. “In: 
December, : 1916; the Admiralty placed an order with Messrs. Vickers for 
12 boats of the “H” class; modified: slightly from the American design to 
accommodate heavier torpedo equipment, and wireless telegraphy gear of a 
much higher power. Their length overall is 171 feet 9 inches, beam 15° 
feet 9.inches,'and submerged displacement: 510 tons.) They have a speed of ' 
13 knots on the surface, and knots»submerged. Twin screws are fitted; 
and the engines develop: 480 brake horsepower.’ The electric motors have’ 
a total normal shaft horsepower of 640. 22903 
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. The chief feature in this class is the, very, powerful, torpedo equipment 
in relation to: their, size, <Four, 21-inch torpedo tubes are arranged in the 
bows, and six. torpedoes. are carried.. As.in the case. of.previous classes 
Messrs. Vickers were, entrusted with. the first boat of the “H” class, the 
experience. of their designing. and. constructive staffs. making them emi- 
nently suited for pioneer, work of this kind. . . 
class of, “J” boats were built in the dockyards, and had each, three 
sets of Diesel.engines by Messrs. Vickers. These were the fastest heavy 
oil-engined yessels,in the world: sex 
The “L,” class.combines in design the best qualities of other boats, but 
with increased apesae These three vessels were delivered simultaneoush — 
sncident brought, to. the firm a special. note of congratulation from 
_ The circular single hull is,used with the side tanks as in the “E” boats, 
but the.stern is.a.modified and improved: arrangement of the, stern fitted in 
another class. The length overall is 238. feet. 6.inches, being 57 feet longer 
than the “E”.class.. The beam oyer the side tanks is 23 feet 6 inches, and 
the total subinetaed displacement is 1,090 tons. .The Diesel machinery. is of 
a more powerful type than previously fitted... The twin. screws are worked 
by four-cycle, 12-cylinder oil engines and develop.a total of 2,600 brake 
horsepower, ‘which results in a surface d of over 17 knots, Motors for 
submerged running are fitted to both shafts, and on a total brake horse- 
power of 1,600 a speed.of 101% knots can. be maintained: auxiliary 
machinery includes two. high-pressure. air compressors of. the. inverted 
water-cooled: type, each capable of delivering per hour 22,5 cubic feet. of 
air compressed to 2,500 pounds per square inch ... 
The torpedo equipment in this class consists. of four 21-inch tubes in: the 
bows, and two 18-inch tubes in the broadside room, with a spare torpedo 
for each of the tubes... A 4-inch gun is, mounted on the. superstructure just 
forward.of the bridge and. conning*tower. Very large angles of traini 
are obtained by the: use of,a revolving platform.which moves with the 
gun. A, novel feature is. the night periscope which is fitted in addition to 
the ordinary instruments. This enables the boat's crew to keep a more 
effective watch at night... 
__ As the submarine. requirements of the Allied Grand Fleet increased, it 
became necessary to havea type which,. whilst, still retaining the ordinary 
functions of the submarine, could yet maintain its station. with, the fleet 
when cruising. These requirements were embodied in the design of, the 
‘K” class,.of which Messrs, Vickers were entrusted with the first ship of 
the type, and also five others. These vessels have a displacement. when 
submerged of 2,570 tons, being 339 feet long overall, with. a, beam of, 26 
eet 8 inches, . The. double hull principle is embodied in a modified, form, 
and the ends. of the boat which ig oe be. damaged, without, endangering 
the immediate safety.of the boat have, only.a single hull at the sides. 
Their speed is 24 knots on the surface, the power being obtained fr 
twin sets of, geared steam, turbines, which shaft horsepower o 
10,500. Steam is obtained from two boi ets of the Yarrow type, with a work- 
ing pressure of 235 pounds, per square inch, The funnels are arranged to 
hinge down when preparing for diving water-tight hatches cover the funnel 
openings as the funnels hinge back. The turbine machinery is supplemented 
‘by an 800 brake horsepower heavy oil engine of the Vickers: submarine pe, 


which is coupled up to a dynamo of the open single armature design. _ This 

enables the turbines: to be for higher, speeds. only, 
hilst the dynamo, in addition to. charging batteries, supplies. the. mai 

motors with power for, cruising at, economical speeds. , For, submer, 

develop. a 700 per shaft, being. ar- 
anged in tandem on each shaft, and give a speed of 9 knots. “The motors — 
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linder coyers and the main bearing girders to relieve the cylinders of 
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drive the shafts through helical gearing. ine 
of the motors is divided into three groups of 112 ce! group. 

Owing to the very exacting duties required of these boats, additional pro: 
tection for the ‘navigating officer and quartermaster’ is provided in the 
ferm of a deckhouse built over and around: the: ordinary ‘conning ‘tower. 
The periscopes fitted into these boats were the longest ‘which at that time 

had been made for the British Navy, having a length of 30 feet from eye- 
Piece to head-piece. Another important accessory is ‘the long-distance 
wicrient _telegraphy installation, enabling the commander of the submarine 

ie in touch with his naval base when operating at great distances from 
it The aerial is carried on telescopic masts, which can be raised and 
lowered at will. The air compressing machinery’ consists of two low- 
pressure and two high-pressure air compressors, with air bottles stowed: in 
various positions about the vessel contiguous to their work. A ‘telemotor 
qaen is installed for ‘raising’ the periscopes and telescopic masts, and 
for working the ballast tank vent valves. 

The armament’ of this class includes four b ‘bow atid four broadside eubied, 
all 18-inch diameter, with a spare torpedo for each tube. The guns are 
carried onthe superstructure and consist of two 4-inch guns and one: s-inich 
gun for high-angle work. 

These vessels ate a desactune from the ordinary type in that ‘they are 
self-contained units of the fleet, and do not rely upon a parent ship as is 
the case of “E” and other classes. Their performances during the war 
have been of the greatest value to the naval authorities, their speed, arma- 
ment and low visibility making them exceedingly useful additions to the 
British Navy. It is interesting to note that this class of submarine i is, for 
surface work, the fastest in the world. 

e “V” class was introduced at an earlier date as a result of tank 
biperineata’ by Messrs. Vickers in which several forms of hull were tried. 
Four vessels of the “V” class wete ordered by the Admiralty from the 
firm. The principal dimensions — length overall 147 feet 6 inches, beam 
of outer hull 16 feet 3 inches, and submerged displacement of 460 tons, 
Twin sets’ of Vickers heavy oil engines are fitted, developing 450 brake 
hossepower each, from which a surface speed of about 13 knots is obtained, 
the engines being of the four-cycle vertical single-acting type with eight 
From tw When submerged a normal full speed of 81% knots is obtained 

tom two motors each 190 ‘brake ‘horsepower. The storage 

oe consists of 132 cells arranged in two groups of 66 cells each. The 
lo equipment of these boats consists of two 18-inch diameter bow 
and two torpedoes. 

Minelaying submarines are a logical outcome of the war, and seerar's 
the “E” and “L,” classés were equipped as such. The mines are ioade 
into vertical tubes which pass through the externa] tanks. Mechanical gear 
both the mines in position. and for releasing them 
when uir 

The Vickers’ engine g the standard for the British boats, the exist- 
ence of spare-gear resto over the world prevents any radical departure 
in the design of the principal parts, but nevertheless, in developing the 8- 
Same reversing design, it was possible to make the main parts inter- 

ngeable with the 12-cylinder non-reversing type, and at the same time 
to make the weight less than that of the non-reversing engine of the same 
and cylinder dimensions. 

The construction of both engines is similar, so that in this respect one 
fiescripgoe suffices. The cast steel main bearing girders are. connecte 
longitudinally by, forged beams. “There are plate. columns between ofa 


“engities are shown’ on folders in the 
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A cast-iron liner is ‘dropped into a sandwich plate between 
and columns, and is ‘thus free’ to expand downward. A’ 
plate, corrugated for expansion, is fixed to’ the sandwich plate at 
and is fitted with a sliding joint at the ae between the jacket’: 
liner. Thrust ‘reactions are taken by snug against the bo 

the liner where it passes through the top op plate of  crank-case. Thi i: 
plate serves to tie the’ columns together. tee 

‘The cylinder covers are ‘of ‘cast ‘steel of le construction, secured 
to the sandwich plate and'to' the columns. “The joint is made by a cast- 
iron ring ground into grooves in the liner and in the’ cover.’ Water’ con- 
nections between the jacket and cover consist of tubes through the sand- 
wich plate, passing into holes in the bottom of the cover, water-tightness 
being secured by soft packing rings around the tubes. No submarine 
— cover has been known to fail in a Vickers’ engine. —° 

he valve boxes are-separate from the cover, and are fitted’ upon écned 
seats in recesses in the cover: The valve boxes are water’ cooled by water 
from the cover. ° This’ water; in the case of the exhaust ‘valve, passes into 
the jacket of the exhaust bend. The valves are of nickel steel, and: the 
exhaust’ ‘valvé is ‘water-cooled ‘through’ flexible’ hoses. ‘The ‘piston 
is of cast-iron, with’ six upper tings and one wiper ring. They 
are non-water~¢ooled. An aluminum’ guard is ‘fitted’ above the 
Fy ge to prevent oil splashing upon the crown. ‘The connecting’ rod is 
liow, of round section, with separate bottom end and compression liner. 
The crank is closed by portable sheet casings, and ‘is ventilated’ by suction 
pipés to the induction header, non-return valves being fitted in the suction 
pipes to eliminate any possibility of a backfire into” the crank-pit. The 
above-named features are common to both engines. - 

We come now to points of difference between the two engi The 12- 
engine has the inlet and exhaust canis on a lower attuat- 
ing the valves through push rods.’ The upper camshaft carries the’ fuel 
cams and’ drives the fuel "injection pumps, ‘one'to each’ cylinder. This 
separate pump design is that ‘otliginallly preferréd by ‘the Service, but the 
the fe valves ‘have proved themselves such acctirate means of regulatin 

e fuel injected that'a common fuel supply is now finding favor, an 
this is fitted in® the ‘reversing ‘design. Im this latter case the fuel is 
pumped ‘into common main’ from which’ are’ branches leading ‘to the 
separate cylinders. ‘No gags are ‘required; as for air injection engines with 
a common’ fuel supply, This common supply pump is a four-throw pump 
driven by spirals from’ the'‘end of the crankshaft.’ In thé’ 12-cylinder 
engine may be connected ‘at: will; thus in fun- 

common rail” system as used in the eight-cylinder engine. - 
The use’ of’ the’ pump permits of one camshaft’ only inthe re- 
versing design.’ ‘This’ shaft carries all’ cams, the’ air-sta: 
the ends of the engine. The short push’ rods for the in 
rods ‘are pulled away from the cams by the fotation of a ‘fulcrum shaft, 
after which the camshaft is slid longitudinally, and’ the push rods are then 
replaced’ upon ‘thé ‘cams for Tunning in ‘the copra direction. The fuel 
and air’ cams bevelled, ‘permitting the camshaft to’ slide without their 
tappets being ‘lifted. “All reversing is carried out ‘by hand, it being de- 
at to. avoid: Servo-motor gear, which generally gives trouble after r some 


“The engine has‘ the standard spray Walve with 


‘ The reversing engine Was a flooded valve, in’ which the spindle does ‘not 


project th a gland, but is actuated by a’ bell crank, the rotating rit 
passing a "gland in the ‘side of the valve-box.” Both 
anid choice’ made’ according to ‘the ease of 
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In-each case. the engine is started by. air. The air is admitted: in correct 
;sequence. by tappet valves. with a spring and,a balance piston, upon them. 
By this means the valves are lifted off a cams. when the air master valye 
is closed, and they only come into action when starting or, reversing is re- 
quired. The air passes. to each cylinder through a non-return, valve on. the 
‘cover. The. mechanical injection. is so safe in its operation that there is no 
necessity to shut off air before admitting, fuel,...In the reversing. engine: it 
is.arranged that the starting wheel, shuts off. air. when all cyli $ are on 
fuel, but in, the non-reversing type the two. are.not. interconnected.;. No 
cylinder relief valves. are. necessary for these engines, although in, the re- 
-versing engines. such are fitted.to comply with the standard specification. 
‘The fact that the British, submarine engine has no cylinder relief valves is 
practical evidence of the strength of the parts and of the safety of the in- 
The. control is different in the two engines... We may describe first that 
-of the 12-cylinder.engine. One hand wheel in.the, center controls the open- 
of all of the spray, valves, Indiyidual cylinders can be put in or, out. of 
action by the handles at each cylinder. A;:second hand wheel controls the 
output of the fuel pumps by sliding a shaft.upon.which stirrups moying the 
scroll cams. actuating the suction valve of. each. pump are, mounted. 
horizontal wheel advances or retards the injection by moying. vertically. a 
coupling. in the vertical shaft., This, coupling is free to.slide vertically on 
one part .of.the shaft, but. drives the other through inclined keys.. By 
gear. the upper camshaft be rotated a few degrees. relatively. to, the 
crankshaft... This gear is a refinement, enabling the spray cams, to. be set 
with great convenience, to.meet any. conditions of. fuel.or load-speed ratio, 
which may vary considerably in a submarine charging when running on the 
surface, and. it is not fitted tothe reversing engine in which the duration 
of injection is so related to the first. instant of injection throughout,the range 
.of control that automatic regulation sufficient for satisfactory running in 
ordinary. conditions ,is. obtained... An emergency stopping. valve. is also 
fitted. to the 12-cylinder engine, which releases the pressure fromthe rail. 
The control, may. .now'.be described, The large 
hand. wheel..(Fig. 3.,of, next article). is for reversing, small hand 
wheel: interlocked with the first wheel first admits air.to all cylinders, then 
fuel to four. cylinders, fuel, to, the,second. four,,and, shuts, off air...A 
further, turn stops the. engine by, shutting off fuel, The. pump. output. is 
controlled ‘bya small Jever regulating. the closing point of  the,,suction 
valves... The large upper, lever.controls. the spray. valve opening. 
All.cylinders.in both: engines, are.141/,inches diameter by. 15-inch stroke, 

and, each. easily, deyelops 100 brake horsepower) at, 380, R.P.M. ..Powers,.up 
to 50per cent. in excess, of this have been obtained at higher speeds, but a 
conservative rating has been. followed. by the Admiralty authorities. It is _ 
plain that high ratings must result, in reduced durability,;and the. con- 
sistently steady running of the British submarines. year in and out appears 
to point to. the soundness of this policy.) 
The, injection is. of the Vickers’ mechanical system, no injection: 
compressor. with its weight, space, complication danger. being 
Air compressors, however perfect the, design, are considered. the,.most 

‘troublesome parts of Diesel. engines, and. in high duty. engines the supply 
and control air is a The system 
consists simply of.a high-pressure; pump ying. the. fuel. to. a. main, 
from which a definite amount is eagh firing stroke by,a measuri 
valve in the cylinder head, and to. simple. spraying nozzle... Th 
power varying. duration of the of the spray 
valve, and at the same time adjusting the pump to. the pressure. requir 
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t..development., the injection is reduced to the simplest possible 
terms. The. result can. be run previous 
knowledge and with.a minimum. of attention or danger due to carelessness _ 


- jn adjusting. :.The) consumption per brake. horsepower is about.0.4. pound 


per hour, figures. as low as, 0.381 at. full power on official trials: independ- 
-ently.recorded being obtained, even in war-time hurry of delivery. 
. ,One.or! two. points: in the design may. be noted. . The: first is.the. extreme 
accessibility gained: by the plate column construction... This renders it. pos- 
sible for, engines to be maintained and refitted by. ship. or. depot, staffs 
‘without:.calling, in dockyard. or manufacturers’ assistance. The sécond is 
the .conservatiye rating and stresses. Thereb durability. is ob- 
tained, and, serious breakdowns are A weight per brake horse- 
power of. an: engine, should always be considered in connection, with the 
rating and. stresses allowed. . The Vickers’ construction. is in; principle a 
very. light: and. even with the low rung, in a, weight per. brake 
58 pounds. for, the bare ling the: power 1,200 for 
12-cylinder. engine, This. weight is. r to w. 50 pounds. if 
wer. be taken as 1,400 horsepower, which is easily obtained, and wo 
very. materially, decreased if, the piston, speed were increased to 
high figure of 1,323 feet per minute, as is obtained i in some of the German 
boat. engines,.... The. third notable feature is the. avoidance of ‘special 
methods of manufacture. While the best material and workmanship are 
used, special steels are avoided; as also.are heatitreatment of details. and 
parts requiring very special tools or processes of. manufacture. Thus spur 
wheels.are used. wherever possible in..preference: to. spirals... The 
thus. becomes an ordinary manufacturing and refitting proposition, an 
danger arises if a ‘broken part is replaced in ordinary material... Such.a 
policy. its boats to be sent to foreign stations,.with. more. assurance 
they were dependent. for. upkeep upon. expert during 


re 
are. ‘and, safety, adjustments, ‘are obvious and 


inally, 
‘readily carried. out, -and the..abolition ofthe air compressor, renders. the 
19. to understand, and.to run... 
he, main, propelling. machinery of. the,“ K” boats consists ‘of two. sets 
of. of single. re reduction geared steam turbines.and twat ‘boilers. of the. straight- 
ee-drum type, having pressure of pounds. per, square 


and arranged for burning-,oil f Each, set. of turbines consists of 
one and one low-pressure cylinder, both. turbines. driving: 
of shafting by.double helical Bearing. -An..astern. turbine is..in- 
Sorporated | in each low-pressure turbine. The full power ahead shaft speed 
is. 400 R,P.M., the corresponding turbine. speeds. being, high. pressure 3,500 
kine low pressure 2,800... The main.motors, which are in. the. wings of the 
somewhat above. the shaft.centers, are.also connected, to. the propeller 
e helical gearing, the ratio in this case being 2 to 1... The 
he declutched: from. the line of, shakting, when while 
are also fitted main., the shaft, line. This 
atter set of clutches: engaged when. the main. shaft, is. running 
at, above, 220 R.P.M,, and: this ing is carried out by hand or auto- 
by, governor gear. The turbines are installed in,a,separate com- 
water-tight, bulkheads ‘being; provides. at..the, forward, and. after 
the with doors, in the former,.one, for access to 
ae: room and the other to the main passage. way to. wo forward, part 
€ vessel; and one door in the aft bulkhead leading to the.motor, room. — 
one boiler room contains, in addition to the boilers, the feed pumps, oil- 
fuel pumps, heaters and filters, and forced-draught fans, the latter bei 
driven by impulse steam turbines. A hinged funnel is provided for ea 
boiler, arranged so that it may be lowered into the superstructure. and the 
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ning ‘closed by a strong’ steel cover, both operations being performed 
an electric motor placed in and operated from 
the turbine room. In later boats ‘hydraiilic semi-rotary engine is ‘used. 
As a precaution against accident in the event’ of the funnel covers being 

damaged, an additional ‘valve of! special design is fitted’ on’ the hull of the 
vessel at the base of the funnel uptake. The covers’for making ‘water- 
tight the air vents in the boiler rooms ‘are ‘hydraulically ‘operated from ‘the 
boiler room. In later boats “of ‘the class’ these covers’ are’ iti duplicate. 
Arrangements are provided for shutting off'the supply of oil’ fuel'to the 
boilers before the funnel opening can ‘be closed. ‘The turbities, boilers arid 
all hot surfaces are carefully and thoroughly lagged ‘with incombustible, 
non-conducting material, with the object of ducing the temperatures ‘in 
the engine room and boiler room to a ‘minimum, ‘and’ an efficient system 
of ventilation is provided throughout’ the machinery compartments. 
_ For cruising, it is possible to use an ‘eight-¢ylinder 800’ brake horsepower 
oil engine of the submarine type. This engine drives a dynamo which 
can be used for charging the batteries and for driving the simp at cruising 
th by electrical transmission to the tnain motors. The’ auxiliaries for 
a ee are on the same lines as’ ‘those fitted it in ordinary submarine 


machinery in the ship is of the usual pattern for’ ‘ghbmiarine 
service, though somewhat larger in casés. Two compressors'are fitted for 
charging the 2,500 pounds ‘hi 2 it prea air bottles, of which over’ 100 are 
fitted in the vessel. One of these compressors is motor driven and the 
' other is‘ direct ‘driven from the end of the generator’ shaft. “Two “low- 
pressure air ‘compressors’ are fitted for supplying air for~ blowing the 
water from the main ballast tanks when the vessel has broken’ surface. 
Two three-throw: double-acting’ reciprocating bilge pumps, driven by elec-. 
tric motors, are also fitted for pumping the’ tanks and bilges. The ‘tele- 
graphs are of the ordinary mechanical fitted with electric bell replies. 
A special feature of ‘these boats is the’ fitting of hydraulic power for’ 
various operations, such as working vent’ valves in the ballast tanks, air 
intakes in the boiler room, and the raising and lowéring ‘of ‘the periscope 
‘ams and wireless masts, "In the later boats this system ‘is ‘also ‘applied to 
the funnel ‘covers. ‘The’ steering gear, and also the forward’ and after 
hydroplane‘diving gears, are opérated ‘by means’ ‘of motor-driven 
Speed Gear pany’s hydro-electric units, one for each’ service, 


trolled from pedestals ‘placed ‘in the control ‘room.’ Hand es is ‘fitted in jn 


each case for emergency use. The ‘steering gear itself*is of. the usual 
submarine screw-gear type. 

The forward hydroplanes are of the housing type, the’ sliding in- 
board along the shaft into the superstructtre to heya Bevel 
seas and uring high‘speed running onthe’ surface. This 
effected ‘by hydraulic power, ‘but hand emergency gear is also fitted. 

The torpedo equipment of these vessels Consists of four 18-inch torpédo 
tubes in the bow ‘and four 18-inch broadside tubes. In later boats ’o ‘the 
‘class the bow armament ‘equipment consists of six 21-inch torpedo tubes.’ 

This history of submarine boat and engine design and construetion ‘when 
examined shows that the rinciple has always been the 

ea weapons of offence. The torpedo ‘is the weapon which 
‘naturally developed the submarine’s particular equipment on 
‘the ease of firing when the boat is either «Engineering or But 
of are adopted — “En 
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om. ENGINES FOR, BRITISH SUBMARINE BOATS. 


The 12-cylinder engine is one that has been made. in large 
ing the war by Messrs. Vickers, both at their works at, 
and at Ipswich. It has also been manufactured by a number of firms 
working’ under license from Messrs, Vickers. The latter, firm, has latterly 
introduced various improvements in: detail and arrangement of. controls, 
and as these, owing to the necessity of rapid production, were not wholly 
incorporated: in the engines, made: by licensed firms, whom were, working to 
Admiralty instructions, the description we now append will include points 
interesting even to those: who are-fully conversant with the earlier engines. 
This 12-cylinder engine is/ shown in elevation in, Pig, while: .erose- 
Section is given in Fig. 2. . 

The peculiar framing construction of the engines: is plainly evidenced by 
these drawings: First of all, it will be noticed’ that. each main is 
carried by a separate steel cagting, and these castings are recessed into 
gitudinal beams, athwartship fitted: bolts; not shown. in the: drawings, tying 
the two together. This construction obviously: entails considerable care in 

the ‘engines in the boat, but with trained workmen no. difficulty 
arises, and the required aceuracy is obtained in a surprisingly short. time. 
In adaptations. of these engines when weight was relatively unimportant, .a 
_ cast bedplate hasbeen substituted,:and a similar design carried, out in steel 
is, with modern foundry: methods, applicable to: the, light; weight: engines, 
and would probably be proposed: for future work where 
_ with previous parts, as for Admiralty work, is not important. In this re- 
spect, aS in:many. other points in the engine, some:of. which will: be subse: 
quently: mentioned, the designers have been handicapped by their own suc- 
cess, as improvements which experience has pointed out to the. firm’ were 
sometimes not acceptable on’ account of the necessity of maintaining uni- 
. formity with the large number of engines already in commission. at 

The columns consist of boiler plate somewhat less than thirteen-six- 
teenths inch i in thickness. At the: top is a forged steel héad into which the 
column plate’ is: rabetted, three rows ‘of rivets securing the-head to the 
column plate.:: The plate is cut with: lightening holes, and at the bottom is 
branched by a slot cut. for removal of. the main bearing cup. To the 
lower extremities of these branches: are riveted four forgings, forming the 
feet. These are of approximately triangular elevation, and are plainly 
visible in. the! sectional view: The riveting ofthe heads and feet of the 
column: is most'-carefully carried: out, the ‘holes being: reamered and the 
Fivets:inserted from opposite sides to avoid the’ column. 
The: column: i by light; angles on its outer edges, these angles 
forming the facing for light: sheet’ steel plates forming the: sides of the 
crank-case. Small’ circular hand doors are fitted in the outboard casings to 
facilitate. f Further ‘stiffness is | given 
shown on the elevation: ich support the horizontal tie- 

below. them, This tie-plate has: a in it slightly larger than the 
cylinder jacket bottom and 
justable snugs bolted ‘to: the is ¢ 
or: distance-piece,  w the weight of the liner, and to 
which the cover is secured by six 14-inch: studs: The connecting joint 
consists of..a cast-iron into:both ‘liner: and. covér. "The main 
impulse load is transmitted the covers: to the columns by two studs 
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utmost importance “or 
‘marine 


The cover, it will be isa steel inlet and: cextiaust 
valve ‘boxes being separate from it. These’ boxes seat upon ‘coned joints: in 
the cover, a ground metal to metal joint preventing leakage from the 
compression space. ‘They are very thoroughly: water-cooled, as will be seen 
in the elevation, ‘the inlet valve-box even ‘having a: recess turned ‘on ‘its 
exterior into ‘which water from the cover has access. ©! 

“The water ‘joints between the’ top of the cover and the ave 
made by indiarubber rings compressed below the flange’ of «latter. 
While ‘no trouble is experienced on service; ‘yet in later engines: Messrs. 
Vickers make ‘this’ joint by a pair of rubber rings in grooves:.on: the 
periphery of the box, which enter into: a slight recess’ in the cover, The 
advantage ‘of’ this ‘is’ that the’ joint becomes a ‘sliding’ one; 
compensating for any wear ‘due to grinding down of the valve-box. 
similar water joint is fitted between the bottom of the liner and the 
jacket, the two grooves being visible in the illustrations. 

The exhaust and induction valves are of nickel steel, the former: being ; 
watersecoled by flexible indiarubber armored hose connected to the valve 

head:°The inlet’ water passes down'a central:tube' to: the ‘bottom: of: the 
exhaust valve and escapes upwards around this: tube.’ The practice of 
water-cooled exhaust’ valves is followed by Messrs. Vickers even in their é 
smallest submarine’ engines, ‘one being that» the:spindle clear- 
ances may be kept fine so that on ve ve. tae leakage of gas into the boat 
will be negligible compared: with that’ from uncooled valve spindles in 
pores a comparatively large clearance’ has to be allowed: for expansion 4 
to eat. . 

» The separate valve-spindle guides weit be seen in’ the section in Fig: 2, 
taker at the No. 11 cylinder, this being’ in accordance with the desire for 
extreme durability of ‘all parts. Lubrication is ‘not now fitted: to the valve 
spindles: The head gear calls for:no particular comment beyond ‘stating 
that the spring spindle has‘a tee-end at’its'lower extremity, ‘so: ‘that if it is 
depressed and then turned through a: right angle: sboat ~ axis it’ can’ be 
teadily removed with its spring. 

‘The cylindersproper is'‘very in form, of a plain 
cast-iron liner:surrounded by: a -corrugated sheet steel: jacket. This latter 
terminates ‘at its lower end ‘in’ a pressing forging, to:which it iswelded, 
and at the top a flange is welded to 'the: jacket and is: jointed: tothe under- 
side of the sandwich ‘plate.: The liner has:a number of ‘steel bosses riveted 
through it, as: indicated in the elevation of the eight=cylinder engine (Fig. 
8)... These-besses‘are machined to form: stuffing ‘boxes: through ‘which the 
piston ‘lubrication connections ‘pass; these connections: being: screwed into 
‘the liner. Right of:these: feeds are fitted to each cylinder,‘and are‘ supplied 
by a ‘sight-feed: forcé lubricating pump- ‘In practice this: set'to: a 
low. output; ds:very little lubrication is required for' 

The piston is of simple design im cast-iron.’ The top is coficave and’ fitted 
at the center with a screwed’hole'for a lifting bolt.:This hole:at: one! time 
held: a special plug designed ‘to maintain:a high ‘temperature, ahd thus’ to 
facilitate ‘combustion, but this':was found unnecessary and ‘is ‘not ‘now 
fitted. : ‘Though: ‘the hole is left open to the flare, ‘no harm’ is occasioned 
thereby, the main impact of the injection not coming upon the center of the 
- pistow as in an air-injection engine. ‘There are’ six piston rings, 0.375'inch 

wide at the upper part of the piston, and one. wiper ‘ring at the ‘bottom. 
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q ght-weight engine, but the main practical advantage : 
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The hollow frorn special: casé-hardetied: steel, aiplug: 
‘fitted to exclude: the oil. ‘The diameter» is in: three: 
s; as is usual, ‘and is tightly driven into the pisotn; being secured at one 
on by ‘a ‘set pi pin’ and at ‘the other by a key. A light alumindm guard. is: 
ed’ over the top of the connecting rod and is secured: by the gudgeon-pin: 
set’ scréw and “by a special» stud “at the opposite’ side. ‘The ‘somewhat 
complicated lower guard originally fitted has been abandoned: 

‘The’ connecting’ tod is of plain’ turned design: ‘The top end. is 
with a non-adjustable gudgeon bearing, consisting of a bronze bush pressed. 
into the eye of the rod atid lined with white ‘metal. This bush has:a radial. 
hole through it'at the middle of its length, this hole: communicating with a 
groove turned in the éyé of ‘the rod: By this'means, if the’ bush: should by: 
accident or carelessness turn slightly, the oil supply from the hollow rod is; 
not interrupted. “The lower end of the rod’ is forged into a palm in which: 
the crankhead ‘brass is spigotéd, ‘provision ‘being made fora compression: 
plate!“ The’ crankheéad ‘brasses are ‘of: bronze, white-metal ‘litied; 
cumferential non-staggered oi! groove at their middle: length. The lubri~ 
cation oil passes into the top of the main bearings, thence hanes the 
crankshaft to the cratik-pin, from thence up the rod: to the top end.’ It will 
be noticed that*this désign of ‘crankhead is:somewhat heavy, ‘and Messrs,’ 
Vickers have adopted a modified design in cast’ steel for crankheads of 
their’ non-Adiiralty work. 

crankshaft itt the 12-cylinder’ engine is’ in foun threeithrow: sections, 
and was' maifitained at the same diameter as’the solid shaft in standard six,: 
eight anid ten-cylinder engines, namely 74-inch. Nickel-chrome: with hols 
low journals and pins was originally fitted throughout the large engine, 
mainly to save weight and ‘to gain’ experience of this material in’ such. 
shafts, the maximum stress not being materially affected by the eto of. 
the extra cylinders. ' Difficulties in‘ supply during the war to this being, 
in a number of 12-cylinder engines, used only for the aft two:lengths, the: 
solid carbon stéel pattern’ as originally: used in the smaller engines ‘being, 
used for the forward lengths. All these shafts are oil-toughened, and whe. 
pins ate trued by hand and lapped after turning. 

The exhaust main is not shown on’ the drawing, but it consists of a pair’ 
of water-jacketed headers, one for each six ‘cylinders,: built up in lengths: 
with independent outlets to atmosphere. The Admiralty engines are fitted: 
with cast-iron ' mains, but: for: ordinary: purposes: welded sheet steel has. 


proved quite’satisfactory. ‘The order of firing of cylinders is:1, 9, 2, 


3 ‘6, 12,°4, 10; 5; 11, and deflecting diaphragms are fitted in the mains to: 
prevent: interference between the cylinder exhausts. 

The: flywheel ‘is’ of cast-iron: fitted: with teeth on the: engage: 
with a three horsepower electric or hand-turning gear of Vickers’: patent, 
special. designed for instant operation, and to meet the limited space: 
available.’ The:genter eye of the wheel is separate from the! rim:to:which: 
it is bolted’ by ‘a series of /bolts‘shownin Fig. 3, and it is divided along 
its diameter’to facilitate machinery overhaul in the boat. 

The ———— engine illustrated is of the latestsclass, in which the unit 

system’ of fuel’ pumips originally favored by the submarine service: is: fitted. 
in this the inlet: and exhaust valve: cams are: fitted ona shaft: running in: 
pbs rnd ‘bearings; at about the middle height of the engine. - The lower: 

of each’ ‘of ‘the long: push: rods: carries: the: case-hardened:'steel roller, - 

and on ‘either side of it is a guide block’ sliding: upon: — prepared. 
guides in the ‘cam casing. loosely fitted’ cover surrounds the push rod, 
and excludes dirt from the casing» A lead from the: bearing oil supply is: 
led roller and guide, the ‘oil: entering: at the back and squirting: 
into the hollow interior of the roller block, as: shown in The cam: 
casings drain back tothe crank-case;:the phos oil remaining in them being: 
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that-in the small.troughs. under. each cam. into: which. the latter dip... The 
cams are wide, and are made! of case-hardened; steel pressed. to. a, hollow 
section. The cam-cases—which were originally, of aluminum alloy, but 
owing to other demands for that material have during, recent years 

made in cast iron—are: bolted to the camshaft.brackets, and provided. 
with a footstep to facilitate access, to the top gear. The lower camshaft is 
driven by spur gearing in the middle bay of the engine, while the upper 
camshaft receives its motion through:a, bevel-driven yertical.shaft.. visible 
in the: middle of Fig. 1, .The timing gear on. the vertical shaft is. also. 
shown on: this. illustration..: On rotating the. horizontal. wheel. it.is 
vertically upon the thread shown, and thereby advances .or retards t 

r shaft relative to the crankshaft owing to the upper bevel wheel a being 
driven through a number ‘of spiral keys on.a coupling,moved vertically by 
the hand wheel and sliding on. straight keys on the vertical shaft, As the 
upper shaft carries the fuel admission cams, , this effect is analogous to. that 
of moving the“ spark” in a petrol. engine, lt is a. refinement. not usually. 
applied to Diesel: engines, but intelligently used it enables the hest setting 
for any condition of working to be obtained.- 

For ordinary. running the spray valve, when. at ‘full. power, ‘is due to. 
be opened at about 16 degrees, measured: on the crankshaft, before, the: 
top dead center: of its piston, andthe, controls, which will be 
described, have been re-designed so that as the duration of. 

valve: opening is»reduced for lower. powers; the. point. of: injection is 
simultaneously ;adjusted to that suitable for ordinary surface conditions.. 
With these conditions it is unnecessary to adjust the timing gear when 
varying the power, but in ‘the event’.of a hea “ charge” being: put 
upon the main motors of the boat, thus. considera ly, increasing the load. 
on. the engine, it is possible to retard the injection a few degrees or with 
a light condition of the boat or a) following wind the timing may, be. 
_ advanced: slightly. Adjustments of fuel valve: settings to suit variations 
< fuel are also very conveniently carried out in similar manner, 

Messrs. Vickers have carried out: extensive: trials’ in. various. conditions. 
to investigate the effect of the timing gear and the result is to show. that. 
within the «limits:of practical -working:.the. brake and. maxi- 
mum cylinder pressure areboth increased) by advancing the 
the curve of increasé ‘base representing the angle-of injection. bei 
a straight line. Indicator cards varying) in character from. the flat-to 
card representative of the normal air: injection engine to the sharply-. 
peaked. card’ of. the :explosion..engine, cam be obtained. at will, and the 


. whole forms a most interesting: study. In» ordinary :trialsthe firm limits. 
the maximum a more. reasonable figure, but|.on occasions 
on service where extra speed has. been required the engines have.been 
run: with timing: gear: adjusted: to give: cylinder essures.. of .700 


per square: inch.and:over) without: any» ill-effect. The contrpl the pray 
valves is-effected: by the left-hand vertical hand wheel-seen Fig. hiss, 
by gearing, partially rotates the spray valve control shaft, the lowest of. 
the three shafts:running’ along::the: top ‘of :the:engine., Ati.each cylinder 
this: shaft» has» a «notched: lever keyed: to: this, lever.-is-a 
similar lever with .a:spting clutch handle, the second. lever. being fixed: 
toa short sleeve: on ‘the spray valve control shaft: .When this. 
sleeve is rotated: by. the the eccentric : fulcrum mounting: of) the. 
spray valve ‘lever; is partially turned. by»means: of the. two: levers and the. 
connecting rod, plainly: seen: in: Fig. 2. The eccentricity of .this mounting 
and the link proportions are: so designed: ‘that .a’ close ‘approximation ‘to 
the required point of: fuel admission :to suit any. reduced: duration of 
admission is ‘obtained. «Ordinarily the clutch: handles are pushed: forward | 
to engage with the levers ‘on’ the control shaft, in‘ which :case «all «spray. 
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power a movement of this wheel is all that is posta Ae to thine ig the 
power. Should. it be desired to cut out any. cylinder the handle is drawn 


—, disengaging the sleeve lever from the one alongside it, and on 


the handle forward toa notch in the fixed quadrant, as shown 


dotted in. Fig. spear: salve: OF com. 


on the sleeve lifting the suction valve of the fuel pump and Dutting it 
also out of _action as the: spray valve ceases. to operate. 

The whole is, particularly simple, though the repetition of the units for 
each cylinder gives a first impression.of complication, but it is. plain. that. 


experience. was. necessary to: enable the required: somewhat complicated. 
obtained by such 


co-relation of functions of timing and: duration to be 
an elementary form: of apparatus. - 
The fuel pumps at each cylinder are eccentric operated and consist of. 


castings supported in a steel casting secured to the cylinder cover. _ 
This: casting Ss the u camshaft bearing, on the cap of which 


is mounted a -sepa I bearing in which the top-most shaft slides. 
This shaft is Pov rte ted by the right-hand wheel. in the center of. the engine, 


by means of a downwardly-projecting stirru a spiral scroll 


cam at. each pump: to the position: required for correct fuel output. 
This output is varied as the cam does not allow the suction valve of the 
Whe to close till the desired point in the downward stroke of the latter. 

he high-pressure pump is marked on No.,12 cylinder in. Fig. 1, and the 
spring returning the tappet. for. the suction valve can be. detected. in the 
drawing. The b bore of the pump is ¥% inch and its stroke 1 inch, special 
soft packing being used in the gland: Ordinary-webbed cone-seated valves 
are usually fitted, but ball valves have been found equally efficient, and 
are now finding favor in the service. The whole of the bracket, pump. 
and details have been redesigned in Vickers’ later models with advan- 
tages as regards ease of ng ogee weight. and efficiency, but in so 
interchangeability has been maintained | considerable degree of 


‘of it to a strainer,and thence into an accumulator tube shown vertically 


just to the left of the right-hand column on No. 12 cylinder. It then 


_ passes. to the spray valve. The strainer at one time. consisted of a plate 


with fine holes drilled in it, but the later type, which is much cheaper and 
affords greater filtering area, consists of a series of perforated discs, each. 
with a shallow circular projection on one face close to. the edge. This 
projecting: annulus is knurled, and a number of these discs strung on a 
central: bolt. form ‘a: cartridge with circumferential rows of tiny. t 

holes: on. its. surface; through which the fuel passes to the center and. 


' thence through’ the end plate. to. the. outlet: pipe, A vent valve is fitted 


to: the spray. valve body, this‘ valve, for convenience, being: fitted on the 
head of the pulsator, which -casting also forms the strainer body. The 
pulsator is a slightly: flattened steel. tube, and its function is to receive 
the fuel ‘charge: the pump, when this supplying .only its own 

der, —e opening of the spray valve. .A. pressure gage. is 


_ mounted on. the, discharge pipe so that the pumping plant: for each cylinder 


is complete. in itself, as originally specified... At: the: .bottom:.of the pul- 
sator a valve is now fitted, and through. this. valve each pulsator can: be 
connected to a main, originally fitted for priming purposes. The'common 


practice is now to run with the pulsators ‘to this :main,; in which 


case the pumps. are, of corse; not to, 
s is.opposed ‘to the ordi-. 


the spray valves performing this. function: 
accurate than the pump... The system thus run run becomes a pressure 
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systet and all that is’necessary is to maintain the required pressure’ ‘and? 
to adjust the spray valve functions to regulate the “A: develop-: 
ment this system will be seen when the eight-cylinde reversing engine: 
in Fig. 3 is described. f 
“A safety valve is fitted to’ the’ priteare: ‘rail in the center’ ‘of the engine, 
as is also a quick opening ‘valve ‘for immediately stopping the engine im 
case of emergency by releasing the ‘fuel pressure. » vve 
The spray valve in the standard’ engine ‘is’ an ordinary ringilnedede 
conical valve; made in hard’ steel.’ The gland is jacked’ with 
packing and, with reasonable ‘care in first packing, is perfectly ‘satisfac-: 
tory. The valves can‘ be individually adjusted by” the nuts. seen on the 
end of the spindle.* The nozzle is of tool'steel and ‘its: securing ‘nit is» © 
bedded upon the coned seat in the cylinder: cover so’ that: there is. no: 
tendency for fuel to leak’ through joints: to the cylinder: The number 
and disposition of the ‘holes in’ the’ nozzle: -depend upon circumstances,’ 
but in the engine described they are five in number, and 0.0205 inch in 
diameter, the jets being at 68 degrees with the ‘axis of the cylinders) © = 
- The lower part of the spray valve-box is’ a steel stamping, the u 
part, which contains the spring and the guide plunger upon: whi st 
bears; is of cast steel, the eccentrically-bored fulcrum ‘bearing: of the: 
spray-valye lever being mounted between the'two parts.’ ‘The spray valve 
is operated by a lever of the first order, shown in-Fig.'2, which has‘a: 
wide roller loosely mounted groove at ‘its inboard end; this roller 
engaging with the fuel cam. The fuel cam consists of a small’ hardened. 
toe-piece mounted in a steel’cam disc on the upper ‘camshaft and.at the 
center line of the cylinder, and is capable of slight circumferential: adjust-- 
ment on its disc. A sheet save-all is fitted: under each pump, and by: 
_ s ofa drain Pipe avoids ‘waste of fuel when tone filters or — 
the system. 
The engine is started by’ opening a T-handled air: raster? situ: 
ated ‘near the center of the engine, ‘which admits air to the ‘two: sta 
‘air boxes between the end sroups of cylinders. In these boxes are s 
partially-balanced valves, normally kept off their seats, and: thereby tee 
of the cams, by a light spring: ‘When air is admitted the valves: are blown 
down upon their seats and are operated in ‘correct sequence by cams on 
a pair of athwartship shafts bevel driven from the lower camshafts: At: 
one time air’ starting was regarded as an emergency measure, the electric 
motor being ordinarily used in submarines. Air ‘starting valves fitted: 
with hardened ends engaging with the cams’ were satisfactory in such cir=" 
cumstances. Nowadays ‘air starting is recognized as safer in the’ event! 
of water having “entered the engine during driving, and the air-sta 
valves: have been provided with hardened’ steel ro lers to’ fhe increa: 
durability, a very neat little design having been adopted. The air’ passes 
from the air-starting box to the individual cylinders, passing into the* 
cylinders through a spring-loaded non-return valve on the cover. As” 
seen in Fig. 2, it passes through small holes after leaving the non-return’ 
valve so that no broken part can enter the — in case ‘of breakage. — 
of a valve. The engine having started on air the spray valves are put 
in gear, and afterwards, when convenient, the: air master ‘valve is closed. : 
With pipes and pumps fully primed, ‘firing’ begins within the’ first two 
or three revolutions, the absence’ of the chilling effect of the injection’ 
air doubtless accounting for the ease in’ starting. 
At the back of the engine ‘is’a bearing oil pump, of double- 


acting type, 
and a plunger pump for maintaining the gravity fuel tank full. These — 


pumps run at half engine speed, and are ‘driven ‘by bevels: from one. of ' 
the starting air camshafts. In some boats automatic compensation: 
gravity fuel pump ‘is discon~' 
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t ,any engine, will, be 
eatly oently sinpliged the necessity of finding an acces: an nding an accesible site on the . engine 
fr si auxiliaries presenting considerable difficulties where space is a 
consideration. The oer! are also driven. from the air 
shaft for e 


at the back engine, "These supply oi the tans ab 


ibed. 
The head ORGS the drawings, b 
a light steel pipe for eS half of :the engine, to -whi 
valve boxes are coupled by trumpet-shaped The air to 
from the. atmosphere. through: a oe l-mouthed inlet, while a lead 
is also arranged to take a-small air supply from the crank-case. This 
latter supplp leeies the crank-case-through a holé in each tie-plate and 
aca: Chr ough a light fiber non-return valve on its-way to the induction 
this-means the crank-case, which. has small inlet grids at 
the ends the engine and in the is maintained under-a slight 
‘vacuum, and the “atmosphere ine-room is not ‘pontaminated by 
the egress of vapor when er. stoppi 
The circulating. water is-led--from~amn independent rotary pu 
main supplying he jackets, from which it: passes: to the 
six tubes thro the sandwich plate, the joint round these tubes —= 
made by vulcanized rubber rings. It then passes to the jacket of the 
exhaust bend. and away. The exhaust valves are fed from a separate 
main with a filter:at either end. .A short-circuiting valve is fitted between 
the pump suction’ and the cooling water discharge, so that in the event 
of a sudden diye to a great depth ‘being made, the sea valves may be 
closed, and yet a circulation” of the- water in the ‘Closed system can be 
maintained till the engines ‘haye cooled. 
The fuel oil flows from the gravi tank, which. i is placed in any con- 
venient place in the engine-room, to the center of the engine, passing first 
through: a sett pot where sediment and--water.can be removed, and 
then to, the middle of_a main. running the ngs of. the engine. This 
connection is 86 arranged that Surging from end to end in a seaway is 
prevented, and from it the main rises towards each end facilitating venting 
’ and enabling a standard main to, be used whether the rake of the engine 
cocks to uel pump, ue ae 
fine gauze filter embodied. iti the .suctionchamber--of 
pump itself, with-its, discharge-filter, has been 

Examination of ‘the drawings: will show that all of the parts of. the 
_ engine are partieilarly accessible, while in “the construction ease of 

overhaul and adjustment has been caréfully studied. “To.this and to the 
moderate rating of=1,200 brake: to 1,400 brake horsepower, at 
380 R.P.M. to: 400-R.P.M attributed the long run- 
ning that so many be ites fitish boats have. carri without the 

areva give; Fig.:5,: a copy: of! a: typical: indicatdr diagram 


wire actuating .the indicator is attached. A clutch with special tooth 
causes_the_indi¢ator shafts ‘revolve when cards are to be taken. By 
4q 
\ 


be of ‘interest in view of the many” “discussions 
injection. 
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shows cight-cylinder reversing. ‘engine clevidion, Fig!’ 4 
giving an end view! «A numbef: of these:engines. were ordered ‘by the 


ussian Government from Messrs. Vickers for patrol vessels. The 
cylinder dimensions are the same as in the twelve-cylinder engine, namely, 


|. 
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inches’ dinineter stroke: the: engine easily. developing 800 
at°380°R.P.M: Itowill be noticed that the construction 
of the larger engine has been closely followed whenever possible, but.in 
this instance the engine has been designed to operate on the common fuel 
pump or “ rail” system. \‘The fuel,pumps aresshown in the end view and 
are driven by sparal wiieels ffom«theend ofthe®crankshaft. There are 
four plungers, 0.66 inch diameter by 1.25) inches~stroke;-the revolutions 
being 190 at full engine speed:: ‘Each pait of pumps can be isolated from 
the other or put out of action if required. A separate discharge is led 
to the control box’ in the center of the engifte, so.that,if required one 
pair of pumps ‘may serve one gr oup of. four | Sapo By these means, 
total stoppage in the event of either ‘or fuel main is 
prevented. Asa matter of ‘fact,-these pumps, with their double-suction 
.valves and forced lubrication are wonderfully reliable, while failure of 
fuel piping is almost unknown, ‘the high pressure of sometimes over 

4,000 pounds..per square inch presenting nO, more difficulty. than lower 
pressure in thinner piping. + 

The smaller, hand wheel is free to be ‘rotated when the reversing gear is 
in the full ahead or astern position. Its first.turn opens a master valve 
in the control box’ which passes’ air 'to the» air distributor boxes at the 
ends of the engine.-, These are similar in principle to those on the twelve- 
cylinder engine, but are disposed radially ina neat. bronze casting, one 
cam only in the box being required for each direction of tunning. Fur- 
ther turns admit fuel to the main supplying fitst one group of four cylin- 
ders and then the remainder, the air being finally shut off; A last’ turn 
stops the engine. by, shutting. fuel: off the, mains. fuel. passes through 
a strainer and a shut-off: valve the spray: valve. Quick-closing shut-off 
valves are fitted in later engines of this type,’ the handle “by its position 
serving as an indicator.as to. whether the. supply..is opem to the spray 
valve. A smalllever which maybe: seen ‘at the running position is con- 
nected to the fuel pump, and by modifying’ the operation of the mechani- 
cally-operated suction valves in the usual manner, regulates. the pressure 
of the fuel supply, and thence at any patting of the sptay valve determines 
the amount injected.. 

The spray. valve, tegulation, is. effected by the lever. at the top of the 
engine in the middle. This lever rotates-a, shaft passing through bearings 
on each cover, the intermediate fuel levers being mounted on eccentrics, 
on this shaft. bape intermediate lever is.moved. through the intermediary 
of a shért tappet rod the: fuel ‘cam~on ‘the’ single camshaf!, which in 
this instance ‘is mi . oh, brackets.attached to the top of the columns 
and carries ‘the. i and exhaust’.cams. also... ‘The other..end of this 
intermediate fuel rani depresses the bell crank of the ‘spray valve, a 
roller in the lever sliding upon a hardened Piece in the: bell crank. The 
spray valve in these engines differs from t tn’ of the ‘twelve-cylinder 
engine, the spindle being totally acpeters within a stéeb_ stamping and 

operated a bell crank, the spindle of which /passes through a gland in 

e side of the valve casing, a ball race taking the unbalanced fuel pres- 
sure on the bell crank. T is design was chosen as lending itself 
to the upper camshaft arrangement than the/ standard: valve. 

The reversing of the engine is car out Ay the large hand wheel, 
which, through ‘a scroll and c fitst by partially turning a reversing 
shaft—mounted in the-same bracket put above it—swings 
the inlet and exhaust-pusir-rods clear of -their.cams_and thén, after sliding 
the camshaft till the reverse cam is in the correct position, replaces the 
push rods in their working position. . a hand wheel.is back-locked with 
the starting > so’ that it cannot be operated: except when. the ge 
in ‘the: ” position:' The! fuel:.andair-starting: cams being. of. 


‘he coms and toler to thi 


~ 


Condition 
“Timie.to Start, 


Tel 


engine, 19 setonds to 


is 14 were sorbed in band 
from head to fal bois 
equals 23. 


No. 518 Port. July 3, 
Starting Arranged for Ligyds Surveyor: 


‘Phirty-four istatte’ wete made, dro ing the | from 
tas per square inch. Volwhe of 
engine was n uy 
‘morning’s preliminary air start: starting trial 
Note.-The number of starts could ased 
nce 


bie “wire dra’ 


‘dtivefor' the ine i by) spur’ wheels, 
the sliding motion of the camshaft wheel t z set’ by by: the: provision: of, a 
wide wheel in the train: 
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with theiusual indicator gear » oil pumps, are, at. ee back of the 
engine!in the: can. be disconnected 
from! the:-engine::and: hand,» for! purposes, 
arrangement being followed in the twelve-cylinder engine. 

Hand reversing was adopted instead .of.power. gear. on \the ; 
reliability. after long’ service. . Tables. II; and. III, annexed, give. the 
of-thevstarting reversing tests, and incidentally show he of 
starting and the. low:consumption: of , air. 

-Phese: engines gave great satisfaction to. the Ruseians,. but owing. to. the 
¢ollapsé: -of,, that country: they net receive them, -number, were 
allocated to, the: Anglo-Saxon Company, who used: them. for 
installation: in some. converted: sailing | ships... For this. purpose, to- suit 
the low speed of the: ship, the propellers. were_designed. to absorb 
‘brake Horsepower at 820 R.P.M,,. the, engines, being: adjusted suit. 
numberof ithese been, some, in China, 
satisfactory ‘results. »/ 

These engines ate’ a. “complete. 
type: while: maintaining’ interchangeability. of important parts to. a 
erable extent., Attention: to: details’ in the, re-design enable the. weight of 
the reversing design to. be brought: below. that of. the: eight-cylinder non- 
reversing design ‘on which it was based, a: few inches. increase; in. overall 
Jength; over. the latter design having had ito: be taken to; te 


nder. tices. of ithe: Fuel, Board ‘the’ Depa 
Research, d C. Harvey, in pa 


last. year year, ide. a journey to, the -U: ted States in order. study 
of, pulverized coal to. tations ‘uses in that. coun his his 
sols he made.a report to the Board, which came to the co usion that 
infofmation contained in that document, would be of substantial value 
in industries. It therefore published it. as. 
‘before. the ann Cont last 0 the Iron and 
entitled veri: with: ‘Special Refe 
in, which, was. to forma supplement 
the information contained i in the report, Feeling sure that the matter 
-of interest to our readers, we to give in flowing 
es a summary of and. extracts, from We may 
proceeding to do so, that, the | 
hetisive o 
tions in Which powdered coal, was used commercially: for, am 
other things billet heating, puddling, ingot heating, tin-plating, annealir 
heating, and, melting furnaces, as as for 


ilers,  cem ed th 


¢ which appeare 


and ying the. use of fuel, ina pu 


“Aero, 
‘The 
“In ‘Chapter 
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in’ order ‘to ‘obtain’a’ sufficient degree! pulverization ‘of ‘the fuel. 
then ‘Considers the range of fuels suitable ‘for ‘use’ in’ pulverized’ form, 
referring in’suecession to ‘eoke, ‘pitch, anthracite, ‘bituminous coals, lignite 


In Chapter II) there is, first’ of ‘all; a table which shows the original icost 
of pulverizing plants’ of varying sizes’ It was compiled from’ figures <fur- 
nished ‘bythe Fuller Engineering Company, of Church Street,’ New: York, 
d gives in parallel columns the pre-war and estimated present-day’ costs 
oF plants havitig outputs of from’ 10 to 250'tons*per day: For: our: present 
purpose we ‘need only concert’ ‘ourselves with the prices ‘now ruling.’ It 
appears ‘that ‘a ‘plant, with’ a’ capacity “of from: 16 to 40 tons per day, 
is estimated to ‘cost £9687, and |will necessitate ‘the use of one 33-inch mill. 
‘A’ plant’ capable» of ‘turning’ out’ tons per day will cost 
£11,562" and will’ require one‘42-inch ‘mill. A 100 to 130-ton ‘plant’ will 
cost £14,062,’ and ‘will ‘need three ‘33-inch: 'mills;°a°140 to 180-ton> plant, 
having two 42-inch mills, will cost £15,625; while a 190 ‘to 250-ton ‘plant 
with three 42-inch mills, will necessitate an' outlay of £19,375." 
-_ As regards the cost’ of ‘pulverizing the coal’ Mr. Harvey quotes the 
experience of three ‘separate works. In the first'case the possible output 
of the’ works was’ 80 tons and about 30 tons were actually produced. »In 
the second case’the capacity was the same—80 tons—and the output from 
30 to 35 tons, while in the third the full capacity was 50 tons, and’ about 
30 tons were produced. Incase No. 1 the outgoings taken ‘into account 
were for oil and grease, waste, stores and fuel for drying, labor, current 
at “0.02 cent”—evidently a mistake for dollars—or about 1d. per kilowatt- 
hour, machine shop’ charges; interest’ and taxes.. The total cost, taken 
over a period of.one month, worked. out at 2,21 dols., or, say, 9s, 
per ton, In case No. 2 the operating costs given include labor and labor 
surance, stores, electric repairs, machinery repaifs, engineering repairs, 
and ‘electric wet at 0.018 dols. No allowance was therefore made for 
interest and depreciation. The cost averaged over a period of six. months 
1.48 dols., say, 6s, 2d.. per ton. If; however, interest and depreciation at 
per cent on £11,562—the average cost of a plant to produce from 50 to 9 
“tons per day—be added, the’ total cost works: out ‘at 2.34 dols.,. or 9s, 9d. 
fi. ton. In case No. 3 the items ‘taken included direct labor; ‘repairs, 
bor; repairs, material; supplies, waste, &c.; insurance; and on-charges, 
and the total arrived at, as the average taken over a month’s working, 
was 2.25 dols., or, say, 9s. 444d, per ton. Asa matter of fact, this total 
was higher than it would ordinarily be because during the month there 
was an unustial expenditure on repairs, &c., and ‘the normal cost is given 
as being more’ nearly 1.489 'dols., ‘or, say, 6s. per ton, Taking this 
lower cost the average for’ the first three plants MBs out at 2,013 dols., 
or just over 4%d. per ton of pulverized coal delivered to the 
“The ‘foregoing figdres relate to For ‘purposes. o 
comparison Mr,. Harvey gives the cost during the year 1913, and there- 
fore before prices were influenced by the war, of a considerably large 
plant, which had’a full capacity of 150 tons a day, and the output, of ‘which 
was 140 tons per'day. ‘The’costs for fuel for drying, operating, power— 
steam and electric—repairs to. machinery, and repairs to buildings, came 
Out at 0,602 ‘dols., or 28, 6d, per Dividing 14 percent on 
‘the capital outlay of £10,417 by the total yearly, prodwiction—42,000 t 
and adding the result to the 2s.~6d.,.the figure of just over 3s. 244d, per 
ton is arrived at. This ‘figure’ is ‘not ‘Strictly comparable with those of the 
first 'three“plants, since, “whereas. two,of ‘them ‘were working very, con- 
‘siderably below. their full capacity, and the third” at only 


its full capacity, plant No. 4 was producing over 93 per cent of the qua 
tity for Which fe wan the BF cost! which 
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eases are, Prove, to be useful, guides, as 
past and: ‘in the, United tates the, specie conditions 
mentione } 

report.then goes: on to. outline the various, processes ‘through 
the coal, ypasses if standard mill-house. practice. in, American installations 
before it becomes pulverized fuel. The run of mine,,lump. coal or; Screen- 
ings, are delivered alongside the pulverizing. mill. in railway, trucks, fitted 
preferably with bottom dumping doors, so. that, the coal may: be. dis- 
charged into track hoppers. From the latter the coal.passes first of all 
to a) crusher, in. order. it broken down so as to. pass through 
%-inch, mesh,.and.is.taken thence to the crushed coal. bin, 

magnetic .separator,...From the, crushed coal bin the coal pau 
pga to, the. dryers, which are thus referred to by Mr. Harvey: 
“Dryers. of several ient. types are. in use... They are heated. by means 
of. hand-fired grates, mechanical stokers, or pulverized coal burners. ‘The 
gases. from the; furnaces are..sometimes. passed directly over and. in 
contact. with:the coal, or, through a central tube,to, the end of the coal- 
drying. cylinder, and thereafter returned akong, ty the. outer space. in contact 
with. the coal, or again, a compromise is made between these two. systems. 
or) the latter case, the hot gases, first come in contact with the. outer 
about, along its length; they are then col- 
lected. and, transferred to the. end of the cylinder where they enter into 
direct contact, with the coal.as the gases pass. back through the cylinder 
the, furnace end, where they escape to,,the dryer chimney. As a.rble 
the, dryers are, rated. to comply, closely with. the maximum capacity of 
mills, o Crushers ary ge started. up in advance o 
l, and.are run. fora short time after the mills are closed 
ay..a, sufficient. amount. of dry coal is available when the 
‘mill | up... Coal. should be dried to per. cent 

re, about per cent. moisture being) extracted at passage. 0 

can be pas: ro ryer a second time.” . From the dryers 
taken tothe top of the, building, by an levator and delivered 
into ry, .coa 

_Insaddition, to the ‘several rl types of grinding. mills used. in cement works, 

mills, generally installed. in. Ameri steal the “ Fuller,’ 
air . separator. uller, ve only. been 
equipped with them ly.. ‘When they, are not fixed: 
pulverized.coal.as,it, comes from the ree spouts is. taken up to the 
top_of.,the.mill-house by. means of bucket, elevators. The advantage. 
ait-separation exhaust, from the. mills lies: in the direct delivery of. the coal 
dust the bins without having to employ elevators. 
dditional, advantages.,of simplicity, of, plant, absence: of 
age through crevices in the, mills, and absence of 4: so See from the sie 
ator -because the. elevator.is non-existent, w a. conse- 
there, are .no of, the. elevator to, pa On the other 
d, the. total; power for grinding and. deliyerin the coal y .aif-separa- 
Hon greater. than r and bucket 
ators. Further that, the c t pass. th the 


at high .speed,.. with ; the. that, the, blades are 


i ssary,, moreover, to install, cycl rators, to. deposit the 


i 
* 
rapidly. worn, an 
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‘screen40,000 ‘holes to ‘the’ square inch—-and’'95 per cent through 100 
mesh’ screeri—10,000 holes ‘to the! square! ihch:' The coal ‘as it‘ leaves! the 
dryer before grinding should not contain more than 1 per cent of moisture. 
Chapter’ FV. Harvey’ discusses the’ various methods ‘of f “trans- 
porting’ the coal ‘dust: to’ the butner: tnder'the following headings: 
“By the ‘air’ mixture ‘system. > HOG 
By the enclosed pipe cable aystetn: 
th regard to it ‘is’ that’ it’ das: 1916 
essts, Magarvey, Salton and’ Heisler,‘ and® ‘that’ the: procéss, which 
“of late quite ‘extensively adopted, is controlled ‘by ‘the: Quigley Fur- 
nace ies Company, of 26, Courtland ‘Street, ' New: York ‘City: In 
it what’ ate ‘called’ “Blowing: Tanks” ‘are’ itistalled in’ the | mill-house. 
Compressed’ air is applied to these —_ for the purpose of forcing any 
eo quantity of coal etn ‘small supply pipes to. bins at the’ furnaces. 
e tanks’ 'aré weighing platforms,’ so’ that’ the'' weight ‘of 
. ‘coal’ delivered’ into them be read. off on’ scale ‘dials. The! coal ‘dust 
travels through ordinaty3-inch' ot 4-iich ‘screwed’ piping tothe’ bins at 
‘the furnaces.” In’ view of ‘stoppage’ caused by moisture’ itr the ‘coal; or 
‘due to condensation within ‘the conyeyitig ‘pipes, a small éonipanion: 
with tappings into thé coal delivery pipe is’ provided: Front it compressed 
‘aif can at any time be supplied through the tappings ot ™ bleeders,” as’ the 
makers ‘have teétmed’ them,’ and’ atiy. “coat® broken! up ‘and 
‘cleared. Mr." Harvey remarks, ¢goncerning ‘the ‘system,’ that the advan- 
tages pettdining to it are ‘By it the coal dust''can “he traris- 
ported through relatively stall pipes nofttial bends; which an be ted 
‘overhead or’ just the: same’ convenience’ ‘as tan ‘water 
accessory to’ system, ied’ for the 
tie ceding of coal dust fe any momber of of" 
“the ‘works, is’ also discussed. 
‘The “ air’ ‘thixturé”’ method’ is, the Holbeck 
“System; is ‘controlled ‘by the ‘Bo of: Cartton;' 
it,the coal dust is mixed at the mill-house with approximately halt the 
quantity’ Of air’ complete “combustion. ’ Supply is’ effect 
at ‘a ‘pressiire of ouhicés square’ inch,” and a Speed’ of 90: 
‘through the main ‘supply pipes’ to the branch at 
is’ téeached.' The main’ pply ‘pipé makes’ a ‘complete ‘loop ‘from 
‘and tothe ‘at whi ‘Fetiirning Goat is extracted’ in 
lengths: supply ve to tised—say, 
it 3.008 feet—probaly one oF be would ‘be 


‘pipe inside whichis rum a central cable” fitted’ with  dises” 
‘the’ conveyance of coal” dust; ‘along’ ‘the’ supply re pro Side outiet 
discharge “Openings controlled by shtit-off -‘valves are 
where: the “fiiel is‘'to’ be used. and will probably Me 
vely sho ivery dista 
is ce 0: 
ied coal. Spontahtous combustion is ‘not to d¢cut in that 
idine that ‘the ‘coal’ ‘as ‘delivered fromthe is ‘not 
he at it that’; ratus ‘should’ ‘ordinarily 


of the cal ‘ahd ature depends, opon 


‘ : 
e 
‘ 
nature 
‘ 


considered advisable to store only sufficient coal in ‘the furnace bin to 
last for one shift—eight rs or so. It would not appear, however, 
that much difficulty has been experienced in America from spontaneous 
combustion in the mill-house. Mr. Harvey fitentions cas¢s in which as 
a bulk from 30 to .40: tons, of ‘coal had 

in the neighborhood the furnace, holding tons of 
pulverized .coal..iave been known to rémain for three or four 
weeks without” “On -the other* casionally 


apparently, to I ing in center..of the The 
actual fire is Pitimately “self-extinguished in the absence of sufficient 


oxygen to support combustion and by the acre of ‘carbon..dioxide 

As regards explosions, Mr. Harvey states that at ‘none of the works 
that he visited was it found that any special precautions had been taken 
against explosion: of’ the coal dust other than those ‘dictated by common 
sense. “ Installations,” he remarks, “had been in use without any explo- 
sion having taken plac¢ for so many, thé danger of explosion 
had almost heen forgotten.” In ‘some -of older -plants: jabins, 
girders, stairs, elevatohs;< ‘thickly coal ‘dust, 
remarks Mri ey, Yah? Af of, a¢tual 

explosion, is™ being” courted’ in—seve: By owever, he! es, 
e ‘of such=eonditions in “the mill-house years ‘wit 
explosions.” t new ts appare: gr attention ven 
“to keeping and mill-house clean, and Mr. Harvey adds, 
the new types; iof milts and the care now given. to design of makes 
for a dust-ti jipment.”. storing powdered coal. the owing 
precautions are rétommended: (1) Limit the_h the to 
10 feet or 12 feet; and (2) isolate the coal fr 
as steam pipes, flues, reflecting surfaces 

In Chapter V. e—are "given of the 
Quigley, Bergman an er ruden burners. It is.ex 
plained that the present tendency & to use low-pressure air’ ¥ob 
mixing with and introducing the.coal dust into the combustion 
or furnace, thus allowing the particles of ash to settle out before’ 
ing the work to be heated or the boiler tubes and surfaces. Bunsen ar 

' therefore, says Mr. Harvey, : ot as a rule of a complicated siaturé, anc 
nidre’often™ that? not the st is simply allowed to 
combustion OF the Wel The 1 -pipe, which carries 

combustion of “fiiel- ‘The pressures used vary) fro 


oF square _inch,.. but. t Jower the. pressure the better.’ 

rm of: m of burner—see a double ‘air 

primary ait an supp 
of cody” ~The initial “mixture of coal dust and ‘air is 
introduced into the main air supply just Be ec to. its’ entry into the fur- 


nace. .The pressure of the air supply at the point of bed of the gy iss 
about 2 ounces to 3 ounces. 

‘The Fuller burner—see Fig. 3—usually consists of single aig. pipe 

burner tube into which gravity from the 
be agi The pressure of the air supply is generally 2 ounces per square 


inthe Bergman burner—see Fig. 5—is fitted with an internal cone 
arranged concentrically within the air supply pipe, and the coal dust is 
‘orms a complete film or 
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coating’ to the air jet, thé purpose being: to’ intreduce:the \air:into ‘the 
furnace: in the. center -of' a covering of, fuel. It is: contended; says Mr. 
‘Harvey,’ that. wheri ‘ coal. dust» is ‘fed into the: center of the! air jet. the 
latter ‘expands-away from the: pulverized fuel an mixing 
the air and fuel, in:the’ furnace results. 

The “Lopulco”—~see Fig:'2—or Rulvacised Fuel. ‘Company's 
mixer, is combined, with the screw: feeder. The burner consists only. of 
the pipe through which the mixed coal and air is conducted to: the furnace. 
In practice,:air is supplied ‘at 6 ounces to ounces pressure and enters the 
jacket. surrounding the delivery end of the screw feed. At ‘that point 
the mixed: coal: ‘and. air‘ is‘ given:a whirling motion by..means: of: the 
paddle: blades; which ‘assists: the intimate: mixing’ of ‘the! fuel and-air:for 


02 oa 


Patterson "Pittsburgh, whi 
several burners or, .mixers,, ‘one of. ing .of special 
terest... Into; at dust falls,in the usual manner, by. gravity and 
descends on to shelves. projecting .one..below. the other 
fitted horizontally, across ity air "tad pipe or, is supp 
2-Ounce ; OF, 3-ounce., ressure pi coal. dust,, on 
ep t operate ith varia rs 
e supply of, coal to. the burners. . The Quigley 
feed screw can a) constant 
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Finally, reference: is made: to:thée “-Pruden” \carburizer or mixer ‘sup- 
plied "the Powdered Coal. Equipment Engineering»: Company; of 
‘Chicago: The apparatus: effects, «according! to’ Mr.» Harvey,' perhaps’ the 
most mixture of dust with: air. ‘The powdered coal, ‘as it 
is withdrawn by a screw. feeder, fromthe! buhker, mixed»: with a 
primary: supply of air and the mixture: is: then conveyed. to.'4 second 
chamber, ‘in which the balance: of: ‘air’ is 
duced into the primary mixture. > 
Chapter ‘VL, which: contains ‘the opinions ‘af! ‘users: 
dered coal fuel, applications of the system, working results, i&c.,\is: already 
so condensed. a‘ form: that! it is practically: impossible’ to: compress it 
further.» It is full of valuable :and: instructive. matter; however, and those 
interested in the question of powdered: coal fuel» willbe ‘well: ‘by 
obtaining a copy of the report and reading it in extenso.jj1- -» 

Chapter VIL, which deals with Mr, Harvey's conclusions, we reproduce 


in its entirety as follows: 
1) The advantages of ing coal in pulveriaed have fen 
(2) The heat values of copls can be ude to af higher degree by 


definitely proved in actual 


) ee coal plants are 
considerably less | gas plants. 

( i EN cent to 50 per cent 
can in many cases be effec ete a form, 

Of the 518,500,000 tons of goal te in 1914 for all purposes, 
of which, say,.205,400000 + were re ‘in. the mietallurgical and steel 
industries and ¥or rail ‘41 millt6n tons would have 
been saved if pulverized ¢pak or these purposes. 

(5) There is little or fo - y re the introduction 
of pulverized coal ipotallatibe "ha j ituti existing efficient 


mechanical stoker_installati t for initia. Aostallat s the latter plant 
can be installed at a lower an ye overall economies 
6 most any grade or Of bituminous, 

= i it Gireumstances i in pulverized 


or peat—can be 
B 
High ash fuels, containing 30 per 
some cases be used. BY 
(8) Large quantities of what is considered waste coal can be used to 
pecs purpose, andeulm and slack heaps at mines.can,bé at once turned 
rofitable acco 
In, suitably is ‘practically no danger whatever 
of (ip) With th explosion of coal dust. ded, 
(10 it precautions as _to s reco’ 
taneous’ combustion introduces’ no 
(Cit) That ‘the stag or dust? resuiting pony the ash bait 
veniently and ¢ffectively handled and ‘removed’ ‘from all classes ‘of ‘meltis 
‘and heat treatment! furnaces, ‘stationary boilers and locomotives, Small fiir 
‘such as rivet-heating furnaces ‘being ‘an ag 
(12) A’ very important’ start ‘has been’ mai ‘with the 
of large powerhouse ‘boiler plants ‘this means, and’ its ‘extension 
this direction is likely develop 
Tt ‘of the attention! ‘now ine giver’ boiler fring 
means, tiséful and’ important: résults be ‘expected!’ 
Owing to the! very considerably 'r arit’of. 
“pulverized coal’ plantas Compared wi fifing'‘ certain 
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duced by this: system’ of burning ‘coal. 


of the particle direction: in Be is ‘Appendix 
Hi. contains extensive list En fuel users, 


APPLICATION: OF: ELECTRICAL, ENERGY ‘70 THE: MELTING 
F METALS.* 


The. of, electrical energy. theat: a. of 
problems. d ring completely from connected, with the production 
of heat; by, the ysual combustion. processes, and pga to the; almost |un- 
temperatures obtainable the absence of 
field of development has been. up to engineers and 
r 
‘The., generation of heat electrically i is almost entirely ‘carried ct: by. 
a current, of electricity, through suitable material... everyone 
ws, when. a current. of electricity. is transmitted by any substance, a 
certain amount of heat, is; generated in the! substance depending mainly 
electrical resistance. of. the material and the current flowing. 
to.the comparatively electrical resistance of most it 
easible,, when melting metal: in;;bulk;, to, increase the current to 
ply a value that the metal reaches a melting temperature by its resistance 
loss only, except in, furnaces of the induction ype The induttion 
melts metal. by resistance of, the charge, and, the enormous ‘current 
necessary are, obtained by arranging. the, charge in. the form ring. 
round;the iron.core of,.a transformer. This. type of furnace: is not: com- 

AT caused by the metal being in the form of 
ring, . extremely high: heat losses, 

2. “Pinch” effect, or the breaking of the circuit if the current exceeds 
value, this effect being due, to the: mutual attraction of parallel 
luctors, ..- 

electrical conditions ‘the, induction ‘furnace. unsuited, to 

power-supply, circuits; bad power factor is obtained. very low 

frequency .is required, and the; furnaces, are usdally designed, to: operate 
on ,single-phase only, 2.0% 

thercfoe, tos. fon the generation of eat a resistant 
material other than the metal cies -be, melted, and \the. electric: arc; which is 
a column, of gas.or HE hich a current of electricity is passing,. 

of the: of Engine and the 


railway locomotives ‘by this: means. | 
(15) In view ofthe smokeless combustion of pulverized coal in metal- ; | 

furnaces, and» especially in the ‘steel industries, for boiler firing 

for Jocomotives, the! abatement ‘of -smoke nuisances: in ‘large cities 
by ‘this ‘means 'cam be accomplished to an appreciable extent. 
Appendix 1I.. gives a list of the systems investigated in ‘the: United States 

by: Mr. ‘Harvey, with the: addresses their proprietors.» Appendix ‘II. 

& 


680 NOTES. 


~The most efficient method ‘heat of the’ electric: is 

obviously to make the material to be'melted one. pole of the circuit, or, 
at. any ‘rate, part-of the circuit, in order that the arc maybe in direct 
contact with the metal. The first furnace: using electric: arc: ‘was 
designed with thei:container :as one pole of the circuit, and a 
electrode over:the metal asithe other! pole of the:circuit: KO 

Incorder.'to use a:higher voltage ‘and obtain a: better. distribution of 
a furnace was: designed’ with: two: carbon ‘electrodes over: the: charge, ‘the 
current! passing, from’ ‘charge,’ and. from the: charge 
to’ other ‘single-phase current ‘being used, . as shown diagram- 

y in 1g. 

In order to-utilize: three-phase: currents, a third. was: arranged 
over the charge, as\in Fig..2; furnaces of this kind have been very: largely. 
adopted in connection with steel furnace. practice, and istill:form a con- 
siderable proportion of the furnaces in operation at the present time. 

Without in any way attempting to deprecate the extensive pioneer work 

carried | out by furnaces of this type,! there. are ‘several inhererit/ 
tages, viz. Ta 

1. The electrotle currents are not independent of each other. 

x The heat is sorte to the ‘surface-of the’ charge only, and very little 
circulation of metal is caused. 

With regard to (1) ‘it’ will be! seen’ that if one electrode dips into’ the 
charge, or is being ‘driven’ down into the charge by automatic regulation, 
while the other electrodes are clear, no! current ‘passes‘atid the ‘electrode 
or electrode-operating gear is liable'to be broken while ‘a molten charge 
of steel takes up' carbon from’ the electrodé and’ upsets the analysis. Many 
devices have been introduced to overcome these objections, but it’ is 
known that’ most users experience difficulties of this ae and particularly 
so when the furnace has an acid or’ non-conductive lining, ° 

» With regard to (2), it will ‘be generally ‘acknowledged that itis more 
efficient to boil: water ‘by applying a gas: burner below the water than on 
the top surface only,'as very little ‘circulation of water will result in the 
latter°case.' This applies-also in’ the case ‘of ‘an electric furnace, and ‘it is 
fe sicomgi advantage to introduce a method: ‘of causing the metal to cireulate 


»‘This ‘circulation be effected by making the ‘hearth of ‘the 
fairly thick» and passing a’ considerable current: it ‘by using it ‘as 
one ‘electrode; it is possible in’ practice to apply from 8 per cent to 10 per 
cent “of the total: energy ‘supplied to the furnace on the hearth alone, by 
using a mixture of magnesite and dolomite and grading it to give the 
highest resistatices near’ the charge and a negligible resistance towards the 
outside. Such a hearth: is’ as strong: and’ permanent as "any basic hearth 
that can be 

“Some years’dgo; collaboration ‘with Mr: Etchells, the. adthor 
ered an electrical law which enables three-phase or two-phase current to’ be 
applied to a furnace with an tinequal resistance’in one of the phases and . 
still maintain a truly balanced load as regards both power and power factor 
onthe primary’ phases. The connections of ‘such‘a furtiace are 'showt for 
three-phase and two-phase in Figs. 3 and “4,” respectively, ‘the 
length of O C being determined by the resistance’ of ‘the ‘furnace hearth. | 

passing, it may be'of | to' electrical efigineers’to know that an 
arrangement, as ‘shown in Fig: 5, with an‘ unequal! primary’ star and an: 
unequal delta connected’ to the farnace will give a truly balanced 
primary load when the two electrodes are carrying equal‘¢urrents, the 
transformer ratios varying according to the relative resistance of the fur- 
nace hearth. of the arcs. .The author. purposely avoids 
giving mathematical treatment of these: rather ‘curious electrical combina- 
tions, as they would not interest many of the members. 
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682 NOTES. 


_ It will readily be seen that with the systems shown in Figs 3, 4 and 5, 
each electrode is and regulation of the electrodes, either auto-. 
matically or by hand, is perfectly simple, while the heat generated in the 
hearth of the furnace maintains, the metal in constant circulation. These 

stems also give an extremely steady load on the primary phases, due to 
the buffer effect of the-resistive-hearth and the phase displacement caused 


Up till recently furnaces of Pi bottom-connection type have not been 
operated with an acid lining, such lining is considered to be_non- 
conductive, although. one. fu ‘is.made. wi water-cooled stud in the 
hearth to maintain contact withthe charge. ater-cooling in the hearth 
of an electric furnace is surely a dangerous and inefficient makeshift, and 
the author is pleased to say that after some little investigation a conductive 
acid lining has been discovered which has operated ‘satisfactorily for some 
months ; this invention, full particulars of which, unfortunately, he is un- 
able to give at present, will also_solve the main difficulties in regulating 
top electrode furnaces when operating “acid.” 0 
~-A number of farmaces haye been built where the full load of the trans- 
formers cannot be obtained owing to the-drop in power factor with an 
increase of current, and. it hasbeen found in practice that the 
current’ per electrode-on a 50-period ‘circuit should not 8,000 
ampéres to 9,000 ampéres. 7 


-For furnaces of. five tons’ capacity with transformers of 1,300 k.v.a, 
two-electrode furnaces, are satisfactory, but above that size three or, 
preferably, four :electrodes, shouldbe used. Figs. 6, 7 and 8 show ce 
combinations of the transformer system illustrated in Fig. b Be" E, E,. 
representing the four upper electrodes and H the hearth. Fig..6*the 
current transmitted. by.the-hearth when the electrodes -are-in-equal adjust- 
ment. will be approximately 0.7 times the sum of the currents in the four 
electrodes ; in Fig.7,the current transmitted by the°h will be nil) and 
in Fig. 8 it will-be approximately 0.35 times-the sum of the currents in the 

It is the general practice to provide:trappings on. the primary swindings 
tage, usually gne-voltage-for 


of the transforthers in order to vary the vol 

melting, one for refining, and one for holding the metal at a constant 
temperature in the furnace; it is possible, therefore, by suitably. connectin 
the voltage-changing switch to arrange for different degrees of botto: 
heating effect for the different stages of each heat, the best circulating 
effect being necessary of course when the metal is molten and-alloy-addi- 
tions are being made to the bath. 

There are several types of electric furnaces which operate with an i 
pendent arc, that is to say, an arc is formed between the carbon electrodes, 
and the charge does not form part of the circuit These typés are not 
efficient for steel melting, the output, ene and electrode consumptions, 
and lining repairs comparing very unfavorably with the direct are furnaces. 

For melting certain metals, however, such as bronze or copper, the indi- 
rect arc furnace has certain advantages, particularly when ‘melting metals 
which are volatile at comparatively low temperatures. In such"a case to . 
employ a direct arc would ina loss due to 

zation on account of the very hot region o 
contact with the metal. 

By employing an indirect arc furnace this effect is somewhat reduced, 
but special means for cooling the walls of the furnace must be resorted to - 
in order to prevent the refractories from fusing at too high a rate and 
thus render the cost of running prohibitive. - . 

.The reason for this is that the rays of intense heat from the arc strike 
directly on the walls, whereas in the direct arc furnace the intense heat is 
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more or less shielded. by 
which material, in a 
heat away. 

To render the indirect a ‘more proposition, the 
U. S. Bureau ‘of. Mines’ has ‘adopted method’ of'rocking the ‘furnace. in 
stich a manner that the molten ‘charge is’ constantly washing the walls of 
the furnace and thus the linitig is kept comparatively cool. In addition 
to this cooling ‘effect, the washing of the metal has a tendency to absorb 
some of the metal which may ‘have been driven off as a vapor; wey ‘the 
charge is‘kept well stirred, which results’in‘a very uniform product. 
For many kinds of work the are’ furnace is’ quite unsuitable, such as 
heating, annealing or melting of metals which have low’ melting tempera- 
ture, and even with high melting temperature, when the quantity is’ small. 

For such work the resistance’ furnace is the best type that can ‘beem- 
ployed ; but where the temperature'to' be attained is above 1,000: degrees Cc, 
the difficulties to be met with are very numerous, 

For temperatures below: this’ figure, probably the: best’ élement is’ that 
from an alloy of hickel chromium ; but for above’ 
‘dergees' C. it is ‘necessary to’ resort ‘to other materials 

In thé Bailey furnace a trough constructed of a highly telrsntory ma- 

1, such as’ silicon-carbide, is built on the’ inside of the furnace. 

trough i is filled with a carbonaceous material’ which forms the resister. 
The heat from ‘the material usually travels in’an upward direction and 
‘impinges on‘ the’roof’ of the furnace, which acts‘as a reflector and reflects 
the heat down on to the charge. This seems a roundabout’ method of 
heating and is calculated to’ punish the roof material unduly. In addition 
to this drawback the carbon of the resister oxidizes -v readily, | conse- 
‘quently: ‘requires ‘frequent’ renewal, and ‘thus’ leads to the trough 
gradually filled: with ,residue or ash from the carbonaceous material, 
‘means periodically shutting down for cleaning. 

By athecbite improve: the resister type of furnace a! method of 
construction has been brought out to overcome some of the previous diffi- 
culties and improve the efficiency ‘of the furnace»: The-method consists in 
forming) a hearth or crucible, which acts 'as:the: container for the bath of 
Ametal, the depth of: the bath. being relatively, small compared with the sur- 
face area of the bath. The register: element, or elements, if more:than. one 
is required, are arranged suspended above the bath, but as close:'to: the 
-metal as possible; only sufficient distance as may be required. for. ‘stirring or 
charging being allowed. The 
‘mainly: by: direct radiation. 
» The heating element; is of: a highly. and y not 
‘readily oxidizable ‘at; temperatures, nor, yet does the. material - 

-ciate until an, y,-high, temperature has been attained; 

The element itself is built up of a number of, sections: dovetailed into one 


ing partly buried: i ter of slag or metal, 
ont to acting as a sh utter, rapidly conveys the 


vand held in suspension by pressure exercised. at, the ends. of ‘the 
resister, the amount of pressure used actually being, arr than : that 

to support! the element; but asthe resistance'of the element ‘to a 

extent depends. the a of variation is | allowed 
for. 


type ‘of element, requires no booster. or, any. extensive 
‘voltage-changing device, such as is employed in most’ resistive . of 
furnace, the amount of energy being readily varied by pressure app ied to 
the heater unit in a manner external to the furnace. i 

Another feature of the furnace is that the elements are renewable even 
while the furnace is hot 

The construction is such as to make the furnace gas-tight, which results 
in an absolute minimum of zinc loss when employed on brass melting.— 
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2 REPAIRS 'TO THE CURACA, 
_An Echo of the Halifax Explosion. re! 


the of the. British steamer Curaca the, Robin’s Dry 
Dock & Repair. Company. has again demonstrated its ability to handle suc- 
ccantully difficult jobs sent.to its big plant.in Erie Basin, Brookl 

‘The Curaca was sunk during the explosion in: Halifax ._Harb Her 

superstructure was blown away and she was. buckled at about, the mid- 
length to. such an extent. that.when refloated the draught. at buckle was 16 
feet 2 inches, while. the draught, at bow was 7 feet and at. stern 9 feet 8 
inches, showing that the vessel. was forced up 9. feet 2 inches from. the 
base line forward while. the stern was, forced up 6 feet:6 inches, 

In this condition the vessel was raised, temporarily repaired and brought 
to New York under her own steam, and the (ORR of straightening and 
repairing commenced on April 25,. ..... 

The big problem here was. to restore the vessel; to an even keel. ‘On a 
pretiroinaty survey this seemed to be impossible. Further: examination was 
made and finally Mr,'George Robinson, Vice-President of the. Com- 
pany, outlined a plan which. subsequently proved successful. His report 
on the job is of more than ordinary interest value andi reads as follows: 

“We decided to use No..2 graving dock-for.the Curaca... Keel blocks 
set solid) for a length of 36 feet, as it had-not been’ determined. ex- 
actly where the buckle was. On April. 25 the vessel, was warped in, placed 
over the blocks and plumbed up. Shores from each side of the dock were 
then put:in place against: the sides of the vessel. , Wire hawsers, were ex- 
tended from ‘each side of the deck and made fast ashore, ‘so: that. there 

_ swould:be no danger of: cither the: forward: or after section listing if a 
break should result at the: buckle point peta the, straightening of the 
vessel was completed. 

» The dock: pumps ‘were then siilited. | As: ‘000: as the buckled area of the 
touched: the blocks the: pumps: were stopped and:.¢xamination: made 
to see that the vessel was perfectly upright.and over the blocks. The sides 
of ‘the vessel were then gradually cut ‘at the buckle from’ the! deck ‘to the 
-water-line on both sides. The pumps were: again started and’as the dock 
-was slowly freed from: ‘water’ the ae: was continued: about 6 inchés 
‘at atime. 

Close observation that as the cutting the: and the 
~ ing ‘away of the water: progressed’ the ends of the Curaca dropped: 
ally, being without the support of the blocks. During this’ operation fre- 
‘quent. inspections were made to determine that‘ both’ the forward and after 
- sections were upright, that the hull had not‘twisted and ‘that ‘no: structural 
change had resulted, When the dock had been pumped: dry the’ entire 
keel: of the Curaca rested on the’ blocks.’ 

This operation was begun at 7 30 a. m. and was successfully completed 
at 3 p.m. the same day.) © 

‘We found that the bottom plating uround the buckle’ had’ frattured, due, 
‘probably, to’ the ‘vessel having worked ‘at this point. The bottom of the 
Curaca was also damaged by the explosion to such an. extent that 54 of 
‘Shipping ‘Record 


q 
tam et edt slide 
4 
3 


= 


4 
4 
‘ 
~ 
va 


COMBINATION INTERNAL-COMBUSTION AND STEAM ENGINE 
OF HIGH EFFICIENCY. 
sexed 


In a paper read-recently before the Royal Society of Arts (England) and 
abstracted here, Frank E. D. Acland described a combination internal-com- 
bustion and steam engine developed by-W. J. Still, in which the products 
of combustion act on one side of the piston and steam on the other, the 
steam being generated largely by the waste heat from the gas cycle. | 


The maximum ideal efficiency of a heat engine is obtained where the 
difference existing between the highest and lowest temperatures of the 
working fluid is greatest in proportion'to the maximum temperature, and 
here the ordinary internal-combustion engine, with an initial temperature 
often higher than the furnace temperature of the boiler is capable of 
realizing better thermal conditions than any other form of hedt engine; 
but in its turn it suffers from two disadvantages—it ejects its working 
fluid at a temperature too high for ideal:conditions, and it loses heat energy 
to a regrettable extent in the cooling’ of its cylinder. In existing engines 
some proportion of the heat can be uséfully recovered as steam from the 
exhaust gases, but the cooling water from the jacket is of little value, 
owing to its low temperature, and the efficiency of the engine itself is not 
augmented. If, however, the temperature of the cooling water could be 
maintained at that of steam at useful pressure, the efficiency of the engine 
would be improved and the weight of steam be usefully increased. is 
is accomplished in the engine developed by W. J. Still. ; 

The Still engine is an engine capable of using in its main working cylin- 
der, any form of liquid or gaseous fuel hitherto employed; makes use of 
the recoverable heat which passes through the surfaces of the combustion 
cylinder, as well as ‘into the exhaust gases, for the evaporation of steam, 
which steam ig expanded in the conibustion cylinder itself on one side of 
the main piston, the combustion stroke acting on the other side. It in- 
creases the power of the engine and reduces the consumption of the fuel 


per horsepower developed. 

Its primary’ objéct is not to’ use the waste heat for raising steam, but 
first to use it in improving the thermal conditions of the working cylinder, 
and so insure the maximum efficiency from the fuel burnt within it, dimin- 
ishing, as a consequence, the heat lost in that operation. Since the maxi- 
mum efficiéncy is obtained by Combustion of the fuel in the cylinder and 
the minimum by the evaporation of the water in the steam generator, it is 
evident that the larger the quantity of steam that can be generated per 
horsepower developed by the combustion cycle, the lower must be the heat 
efficiency of the whole ‘machine. 

In the Still engine (Fig. 1) the jacket and cooling water form part of 
the circulating system of a steam generator, which may be an integral 
part of the engine or external to it. The cooling water therefore enters 
and leaves the jacket at a constant temperature, regulated by the pressure 
of steam, the;:cooling being effected by converting the water into steam 
without raising its temperature. Excluding the radiation losses, which are 
kept low by Saming. all the heat which passes through the walls is thus 
usefully recovered in the water as steam. The temperature of the cylinder 
wall is uniform over, the whole of its exterior surface, and the heat lost 
to the cooling water at each stage of the cycle—compression, combustion 
and expansion—is diminished. 

During compression, owing to the walls being at steam temperature, the 
incoming charge picks up heat, instead of losing it, during the greater part 
of the stroke, an advantage of the greatest value to the heavy-oil types of 
Still engines, where an air charge is taken in at the full oitstroke, and is 
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compressed to a pressure where its increased temperature-insures the cer- 
tain ignition and combustion of the fuel that is injected into it. 

- During combustion,and-expansion the uniform and higher mean tem- 
perature of the)walls-‘reduces water. Some of 
the heat thug“ecoriomized to the useful-work-on-the piston, the rest 


passing out in the exhaust ‘gases for recovery. 

To insure the! maint d_reliable mer, of the 
temperature ‘conditions that produce this effici iting the combustion 
cycle, a departure ftom the design and of the cylinders of 
normal internal-combustion engines is.impetative; they have hitherto been 
made of iron, of thickness sufficient; to resist the working and 
thermal stresses thrown upon them, includitig’ ogemsional heavy loads caused 
by preignition of,the ive ‘charge With ck walls or liners, 


the temperature difference; between their’ fin al Outer ‘surfaces, which 
is essential if the surplus heat is to be edrried off; can-be obtained safely 


: only by the circulation of water at low te ‘through the jacket; 
j this is especially the case in cylinders of considerable diameter or capable 
i of high power per swept volume... 


The cylinder of a Still engine consists.of an inner liner, which is ap- 

proximately one-third to one-fourth the usual thickness; it is ribbed exter- 

i nally so as to add to its contortion surface and provide suitable passage 

j for the cooling water, and it is reinforced by an outer hoop capable of 
withstanding :the highest» pressures. to -be:met~with in «working. The - 


stresses due, in-ordinary—-practice, to.the.cold water at the inlet, and the 
hotter water at the outlet, are in the Still-cylinder, the cooling 
water being at a contr and” 


iniform teffperatu: hout. 


STEAM FROM WASTE HEAT, 

In gas and oil-engines of constant-volume and constant-pressure types 

the combined losses in er-and exhaust gases—ran 

( _ between 75 per céent’and 65 per cent. The highest indicated thermal efh- 

y ciency claimed under test conditions with a, Diesel engine (Mathot) 300 
b.h.p., four-stroke at three-quarter load, is 47 per cent (36 ‘per cent brake 
efficiency). If 4 ‘cént is allowed: for radiation; 49 per cent of the total 
heat is available for recovery, and if 10 per cent efficiency is assumed for 
the steam cycle, the brake thermal efficiency of an engine giving this high 
result would be_raised by 10 per cent of 49 = 4.9; that is, 4.9 = 41 
per cent; but there-is-no’ reason. why the steam generated and used under 
the conditions of the Still system should be limited ‘to so low a figure. 
Fifteen per cent, according to the author,’seems a more reasonable assump- 
tion, and even a higher figure may be ‘anticipated, in which case a brake 
thermal efficiency. of .44 per cent possible in a complete. in- 

The exhaust gases take a subsidiary but* important part in the cycle; 
their usefulness in ordinary combtstion engines, in raising steam, is lim- 
ited to the amount of heat recoverable een the initial temperature of 
the exhaust and that of, say, 50 degrees F, above the steam temperatu 
after which the whole volume passes away ‘to:atmosphere at a still useful 
temperature, less a small percentage “available for feed-water heating. But 
in the Still engine the exhaust gases, after raising their quantum of steam, 

' are employed in preheating all the water required for the steam generated 
in the jacket water and in the — Trials at full efficiency over 
long periods and steady loads, terminal ‘stack temperatures as low 
as 150 degrees F. 
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_ The, piston linder walls, preheated ‘by, the ion. stroke, 
at a ‘than, the steam is and while 
therefore,..no Joss, from condensation, and the 
oF ome at.a slight superheat above the normal expansion tempera- 
pm 9 a vomaion which is unattainable in any form of steam engine. with- 
out direct loss of energy. With an early cut off, it can be expanded eco- 
nomically right out to atmospheric pressure, or, below it, and be either 
recompressed (Stumpf cycle) or exhausted to the Rog mg ey The steam, 
during expansion, forms an, efficient‘means of cooling the.p 
The Still oil engine starts with the cylinders and pistons pte sot The 
air charge, from.the moment ofits entry,into,the cylinder, picks up. heat 
from the containing walls,and continues todo so.during at. least; 70. per 
cent of the compression stroke, with the result that the temperature neces- 
sary for firing ‘with certainty the first injected charge of fuel. is 
with a compression pressure come kegs: shan saat required in a Diesel 


engine. 

This fact i far reaching in is importance, for it gives to the designer 
great elasticity and freedom of application; for heavy-oil. engine 
can be designed: for constant pressure or ,constant volume, or both. can be 
employed in the same engine by cortect timing of the: fuel injection. It 
claims for its combustion cycle an,efficiency higher than that of the Diesel, 
less weight and ‘space per horsepower, and for. its combined cycle an 
fuel as’ its: source:of 

Normal: Load-~The-average:me.p. from. the. combustion stroke was 90 
pounds ‘per square.inch. The steam evaporated. by the waste te. heat” gave 
14 pounds: per:‘square inch: m.e.p..on every return stroke is,.is equiva- 
lent per square inch m.e.p. a normal four-stroke 


‘admitting additional: steam generated. by fuel under, 
boiler, the steam: m.e.p. was raised to 72 pounds per square inch; the to 

me.p. was; therefore, equal to 90-+ 144 = 234 per square inch 


EFFECT oF. WATER INJECTION ON, GASOLINE ENGINES. 


DEPOSIT. EXCEPT IN CASE or ENGINES: witht: DEFECTIVE, ‘COOLING: 


the practice® of injecting ‘wines in’ conjunction: with | the: fuel: ‘is 
common in kerosene engines, the object being'to keep down ‘the cylinder 
under’ conditions of heavy loading and prevent: preignition. 
In it seems almost impossible’to operate ‘an’ Otto cycle kerosene 
engine and get satisfactory results without water injection;: ‘There: also 
has been considerable experimentation with water injection (or' induction) 
in gasoline enginés, ‘not by: the’ manufacturers iof the engines, but. by 
makers of fuel conditioners and their customers, who believe that! the 
injection of water will lessen or eliminate the Sor saatiogs of carbon deposit 
~~ increase the fuel economy. 

In the of aircraft engines ‘the was made that if 
water: injection had these. effects it should be. beneficial,in. aireraft work. 
The problem:.was. assigned by the, Advisory Committee for 
Aeronautics to the Bureau: of Standards; and an_extended investigation 
was made, tests were carried out Class B-military truck, engine, 


| 
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and also’ ‘Rutéttber engine, which at 
high jacket temperature. Thus, although ‘the investigation was made at 
the instigation of the Aircraft: Department, the tésts were conducted on a 
atid ‘an automobile the ‘results, of course, are of 
a he 


‘two SERIES OF vests 


a. gefieral of testy were made; trie ‘the 
éct of ‘water injection ‘on’ the miaximum’ power obtainable from an 
éngine arid ‘its fuel economy, and’ the other to’determine ‘its’ effect: upon 
the carbon ‘deposit onthe piston head and cylinder walls, 

It may be recalled ‘that’ the Class: B ‘triick engine’ is a 4-cylinder design 
with a bore Of 4.75 inches aiid stroke ‘of 6 inches. The’ compression 
ratio is 3:7 and ‘the piston displacement’ 425 cubic inches. Compression 
tests. made by means of an O-Kill indicator showed an average compres- 
sion of practically 48 pounds per ‘square ‘inch at 100° R.P.M., the water 
jacket’ temperature being 131 degrees Fahr. In the tests:this engine was 

up’ to a’ Sprague’ by" means of which 
the horsepower Output was ‘measured, 

Tn’ the first test the Class B ‘engine’ was fitted with a Zenith L-6 car- 
bureter. Each’ series of tests consisted of three runs.. After the engine 
had’ been brought ‘up ‘to operating temperature the carbureter was adjusted 
fer maximum engine power at full speed, only “gasoline being ‘fed into 

e cylinders. After’the engine had beenrun: 5 minutes under these con- 
ditions, ‘run’ was made with water injéction, with car- 
bureter and’ spark’ Finally, “during” the third) run); also. of 
minutes’ ‘duration,’ the ‘water ‘injection ‘was ‘continued, and: the spark was 
adjusted to give the greatest engine output. Series a — of this kind 
were made at ‘speeds of 400; 600, 800,''2000 and 1200 R. ‘The: water 
was admitted’ ‘to’ the’ manifold: at ‘a point’ 134° inches ithe. throttle 
valve, and ‘the amoufit of water fed was read offfrom ‘a graduated glass 
cylinder. of 1000 cubic centimeter capacity;'while: the time: was :taken from 
a stopwatch, A stopcock in the line between the graduated cylinder and 
the intake manifold permitted of.controlling the water feed. 

Three complete series of tests, each covarang the whole range of engine 
pee. were run with the Zenith carbureter. In the fourth test a Strom- 

rg ‘carbuteter,' with 'a chioke and! a 0,0635-inch bleeder, 
pt substituted for the Zenith, this carbureter permitting of varying the 
fuel mixture. for different speeds. .Thus,,, the, effect, of water, injection 
could be- studied: when the: fuel, mixture. was adjusted to be.as lean as 
possible consistent with smooth running, and also i a rich mixture 
was being fed. In; one.,of the: runs-a metal plate, -with .asbestos. gasket, 
was inserted between the intake’ and; exhaust. manifold, so.as to shut, off 
some of the ‘heat flow from 'the ‘exhaust to the, inlet manifold and permit 


of determining the effect on: the ane to. the temperature 


of! the: mixture: thus obtained. 
‘The: final: tests with: the: Class engine, “were, made unde rk-and- 
AMOUNT or CARBON _perostt. ton 


has ‘that it feduces the amount Of carbon deposit and: that at will 


even “remove ‘deposits ‘In order’ to test the - validity: of 
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the test stand and 'fitiéd with 'fan’ down.’“Cooling water 
was circulated by gravity, and in act @ 2. carbon deposit of some 
thickness the engine was fun for beverdt = ith a rich mixture, late 

ition,.and jacket. temperature, Occasionally oil was injected into 
cylinders. At. the end of the 6-hour period; al 
covered with a substantial layer, of carbon... ...., 

“The engine was. then. run for another 6-hour: period under "wide-open 
throttle, water being injected into the manifold..as in the. previous tests. 
During) this run the, waterjacket, temperature was. kept high,, the. outlet 
temperature being maintained constant. At. the.,conclusion. of; this run 
cylinder head was removed and the carbon. deposit in the combustion 

chamber, examined, ;but no, noticeable, effect,..was. found. . Other similar 
ts. were .,the rate of, water injection. and the temperature of the 
jacket | water beir varied, The rate of water feed varied from, 2.4) pints 
to..7.05 pints per hour... With the higher. rates. of water feed. the engine 
power output was noticeably decreased, 

The..results arrived jat have ‘been. summarized, by. the experts, “of; the 
Bureau. of Standards somewhat as follows:,.. .. 

No appreciable effect is produced upon the power, fuel. ‘economy. and 
general. operation of a .gasoline engine ‘by the, injection of .water into 
the. cylinders at rates, varying from,,0.03 0.44 pound per, brake: horse- 
power-hour, , When water is injected at'a higher rate than 0.44, pound: per 
brake ‘horsepower-hour .there is an, appreciable! decrease in the power -out- 
put, fuel economy and smoothness of operation, It is quite. probable. that 
in. a badly carbonized engine, or an engine of. defective design, in. which 
there are*.hot: spots. that. cause: preignition, the injection the .water 
results in.an. increase of power, In an: engine: operating at high water- 
jacket temperature injection..of amounts between 2 and. 8 
pounds, per hour produces, softening, and’ slight reduction, of carbon, 
this’ reduction not.exeeeding 25 cent, and: being ‘most: moticeable: on 
the: piston heads'.and valves;:. However; water. injection -at the »maxi- 
mum (rate ; walso: causes - a) considerable: reduction: of 
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rade Club is offering this award becatise in carrying on its present cam- 
| for the ‘adoption of, metric tinits by all Engi 

ted States, the Can! Australia," 

United South nd so on—it wee ty the tack a 
fe short ‘word d éxpress alf‘th 


he metric units of weight and measure ire pan use by all the vor 
except “Brit-Am” or “Ambrittica” or 
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Can’ you create the oné word which will 
anal Britannia? Tf you will be paid ‘at the rate of 
1 word. The ‘World Trade Club San $1,000" 
the ‘person who suggests ‘the ‘word ‘which, the ‘club’s 
_ Metric Campaign Committee, is best. adap 
The competition is open to. all humankind, ‘The mofiey will''be 
the ‘winner ‘at noon on’ 15th May, '1920, ‘by committee “appointed by 
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SOME FACTS ABOUT. MONEL METAL, 


the use of ‘hig Steam, 
when superheated, ‘are different’ from’ those tet’ with in low or 
pressure saturated steam practice: “High-pressure strains, greatly elevated 
and erosive ‘havé to be with, 

necessai employment 0 equ t of a ‘character 
different from’ that for’ less’ severe: condhions. Particularly’ is 
this so of the employed. 

requisites for a metal to tand’ the’ he ‘pressures; ‘the’ total 
heat—possibly as high as 800 degreés F., or ‘even higher—and ‘the erosive 
action of’ high-pressure superhented steam ‘are: (1)' High ‘tensile ‘strength 
at all’ temperatures; (2) low’ heat conductivity; (3) high modulus’ of 
elasticity; (4)’a coefficient of expansion permitting’ its use in’ Combina- 
tion with other essential metals; (5) capacity’ to resist the’ erosive action 
of the steam.” Tf,’ in’ addition; the metal might be a non-corroding 
nature, markedly resisting oxidation, it would: be the’ ‘ideal metal for 

rheated steam service; 
alve manufacturers, upon whom: devolved the iniportaiit’ of 
producing devices to control and ‘regulate ‘the! flow of 'the ‘more powerful 
medium, ‘were among the first to appreciate ‘the ‘inadequacy of 
r ‘former’ product’ ‘to ‘handle’ successfully  high-préssure’ ‘superheated 

steam. -Cast-steel valves were necessary replace the extra-heavy cast- 
iron ‘ones ‘suitable ‘for steam pressures up to 250 pounds to withstand 
the increased steam’ pressures and’ ‘the’ much more’ marked ‘elevations 
temperature without unduly adding to the weight of the valves, These 
valves, as in’ the case of iron-body valves, ‘required seat rings, ‘valve 
disks and other fittings and’ trim ‘made ‘of durable and 
metal to assure tight closure ‘in operation. The ‘fittings for iron val 
usually of brass or bronze composition, are not suitable for ‘cast-st 
valve service, for the coefficient of expansion'of cast steel is‘nearly double 
that of cast iron, brass or the bronzes used for valve fittings: The 
difference in the expansion of the valve-body metal and the valve fittings 
under the range of temperature encountered in high-pressure superheated- 
steam service would be such as to prohibit tight closure and produce 
serious deformation of valve seats, étc., at untsual temperatures. : 
difficulty was overcome by making: the fittings for cast-steel valves out of 
monel metal, a natural alloy of individual characteristics, possessing a 
coefficient of expansion’ practically identical ‘to that of steel.” This 
metal is non-corrodible, strong as steel, tough, big ductile. It takes. 
retains a tant to acid and alkaline 

an any of the common p' ly impervious Oxi 
be machined, forged, soldered welded, both electrically. and by 
the process. 

This metal is a’natural product of the disti ifictive nickel | and copper ores 
mined in the Sudbury, district, Ontario, The, ore. isa. basic 
igneous rock carrying sulphides, of nickel and copper with, ‘pyrrhotite 
(magnetic -pyrites) .as constituents—the . sulphides more of less. segre- 
is smelted. to matte form by a. special roasting process. that 
rives, off the sulphur content without disturbing the balance. of 
main metal ingredients, copper and nickel. The process practically, eli 
nates the ur content, and the matte, refined to. get of 
produces a metal of unusual, gpa of ckel,, 67. 
cent ; copper, 28 per cent and. other elements, chiefly iron. from. 

*The International Nickel; 
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original,ore.and. 
. The.p P hysical eristics of the metal~it was not until 1906 that a 
practica of. pr monel metal, was. developed-—are, decidedly. 
in-any: measure synthetic. mixtures of. similar ingre- 
ts, for..no mechanical, ‘process,.so far as.known, can 
intimate tien resulting from centuries .of, geol 
The requisites for a metal the severe conditions a 
pressure: by. monel 
metal, -as-evidenced- by its physical properties. by th the femain- 
in doubt, or not- conclusively. established. 
pee ‘metal under-normal is ‘its ability to ffectively 
the universally weakening effect of high temperatures.” - 
However, a series of comprehensive and exhaustive tests coniueted iby 
some of the leading valve manufacturers’ ‘s howéd that in- this. respect. 
monel metal is quite unique among metals its strong less 
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any heat, up to 1,000 degrees its ultimate tensile strength in 
is; considerably. greater, than that etal 
gent. ni at. all temperatu: at: high, as we 
peratures is, stronger. ‘than col “rolled. shafting | bessemer. Even. 


; ‘NOTES. 693. 
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NOTES. 


500 degrees F., at about which temperature cold-rolled’ shafting r possesses 
its maximum strength, monel-metal rods aré’ the ‘At 
the clastic limits’ of the various ‘metal rods, monel’ metal possesses greater 
tensile strength than do rods of any other metal at’ temperattites exceed 
: that of about 800 degrees F, Below thie temperature, bessemer cold- 

ed shafting is somewhat the ‘stronger’ at’ the ‘elastic ‘limits of ‘the 


respective metals, but ‘monel metal re sts the action ‘of corrosion ‘and 
oxidation far more effectively, © 
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FIG. 3. BEHAVIOR OF MONBL/AND OTHER MET4LS,4T HIGH. TEMPERATURES 


Under. torsion monel-metal rods are. even of 
vanadium toot 'stéel at ‘temperatures’ in excess of 600 and’ at 
temperatures mionel-metal rods are stronger than of. ‘hickel ste 
of the ‘bronzes, ‘cold-rofled’ shaftin , Machinery steel,’ delta. metal, 
Tn the form’ of "rods ‘the metal is’ ‘Of quite uniustial: in 
. the’ house. 'Motiel-metal’ ‘and’ rods, ‘in ‘particular, are - 
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highly economical, for. more e, steel or bronze rods 
and effect a substantial in and the use of 

) They»do not score or pit and: acquire: ai smooth, 

‘service that reduces. friction to a minimum, avoids wear’ on: the packing 
and: eliminates to. a great extent. the leakage evil) | 

For parts of valves, in fabricated as bolts, 
for: severe serviceand. for use in) connection cast-steel, machattisnis, 
monel-metal rods: find many uses. - 

Another: use'of rods, in whieh service ‘he has 
in power-plant; ‘practice, is in connection isteam-turbine 
‘struction: The ‘successful. development. of .the. steam turbiné: ‘has been 
dependent to ‘a considerable extent upon. employing a. suitable «metal: for 
the blades). A-metal is required that will stand up well under the erosive 
action of »high-pressure steam, resist. corrosion, retain ‘strength: at 
elevated temperatures and. which can be. worked easily into» the required 
‘shapes. “The first three requirements. are essential and ‘the last a matter 
of practical consideration. 

here are three classes of: metals—brasses, nickel steel and monel 
metal—that meet each of the four requirements to a certain extent and 
on that account have been quite extensively employed for steam-turbine 
blading. Brass.can be worked into any required shape with little. difficulty, 
it is non-corrodible and resists the erosive action of steam fairly well, 
but it lacks strength for use in large units and under a considerable tem- 
perature range loses much of its strength at normal temperatures. For 
instance;’in superheated-steam service under high pressure it may lose 

as:much as 40°per cent, or even more, of its strength at 70 degrees F. 

Nickel ‘steel.does“not possess the quality to resist corrosion or to with- 
stand ‘high-pressure steam corrosion so desirable, if. not absolutely essen- 
tial, ina steam’ turbine. Its ‘strength at ordinary temperatures is ample, 
but temperature in the neighborhood ‘of! 800 it: loses: from 
50 to 60 per cent-of its normal strength... 

Monel metal ‘can be worked ‘easily into all necessary. fori tor turbine 
blading, resists’ corrosion‘ and the erosion of high-pressure steam ‘even 
betterthan doés ‘brass, off account. of. its high nickel. content, very 
nearly as strong as nickel steel at ordinary temperatures and resists the 

ening influence of elevated temperatures far more effectively. At 800 
degrees F., monel metal retains as much as.66%4 per. cent of its strength 
at ordinary temperatures and is some 30, or more, per cent, stronger ye 
nickel steel at the same temperature. 

[We believe that readers may get the impression from: the foregoil 
that monel metal is more widely used for turbine blades than it actua 
is. It does make an excellent material for such service; but most builders, 
‘because’ of the’ expensé) do not use it for turbines to- the extent’ that 
might be inferred from the article. Nearly all builders agree that there 
- is slight difference between the wearing qualities of a good nickel steel 
and monel metal. However, from a shop viewpoint, the chief disadvan- 
tage of the latter is that it is severe on dies and increases die charges. 

One of thé fargest builders of steam turbities’in’ this country has’ never 
use tag el for, the blades except for one small single-wheel impulse 
‘mai which the’ steam velocities are exceedingly high, This builder 
doubts that monel is as good for high-spéed. blades as nickel; which 
as now available. Great physical in. the. high ressure bladi 
in modern turbines is not vital. For the sake of eff ciency all suc : 
blading, whether impulse or. reaction, should operate at slow speeds, 
which result in low mec nical stresses. For the imtoty end Si aoe 
“where these stresses are high low-carbon, nickel, electric-farnace 

widely’ used.—Editor.] 
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Melting point monel: ‘metal, degrees: i. 
Weight per cubic inch (cast), pound..; 


Weight per cubic inch (rolled); pound... 
Coefficient of expansion (20 deg. C.—100 deg. C.). ‘per deg. C. 
coefficient) , 


yer 0.0011 per deg. F. 

(average ‘shore scleroscope) 


‘Modulus of. elasticity...) de 22,000,000-23,000,000 
“Tensile. 
Average representative tests: of: each of the three division: as given: 


11/16 in. to 111/16 j ins..." 61,963 


_ 1% inoto and including 27/16 in. 50,115" et 


in. to and including 43,805 1k 2 


is orstanal, (Average).. 


ON 


of. area, per cent... 


93,104. .39 
87,678... 42. 
84,763... 43 
85,562... 42... 
‘Blastic 25,500 to.32,000 Ib. per_sq. in. | 
‘ 
per sq. 
Elastic limit, ss +-12,000 to 25,500 $4, ;1n. 


eighty or ninety new .watertube boilers, and the preparing of same for 

steaming. conditions... As. the method adopted. has been very: successful, 

at watertube ‘boilers, ‘these. 

irst, gener: lea of the tion. will be 

and then the three following items ev 

Character of test required... 

3. Preparing for steam. 
The. boilers referred: to above. were of the. Yarrow. ‘Steam. 
50. inches. diameter by. 12.-feet long; water drums, 30. inches 
long; number of tubes, about.3,500 of 1-inch diameter, except, the three 
are 1%. inches in diameter ; average length, 

The steam drum carries four safety valves bolted to pads, and riveted 
on ‘the -shells.... The head carries the main stop valve, surface blow, 
internal auxiliary pipe, scum pipe and steam-dryer pipe are in 
the drum. The manhole is 16 inches by 12 inches. 

. The.-water drums (front, heads) carry, the.main feed valves, and .one 
drum i is fitted with a salinometer cock. Each drum has an internal feed 
pipe arranged in a-casing so as to cause a forced circulation, . Blow-down 
valves are fitted to the shell each drum. The manholes. are 16. inches 
by 12 inches. Each boiler was giving 7,000 berning 


CHARACTER-OF mst 


of the. test required i is as. follows: and tubes are 
‘te be tested to 400 pounds cold water i peewee for one hour. The 
complete. with, all. mountings, to be. tested on board to. 330 pounds cold 
water pressure for period of six hours, a loss of eight 
the limit allowed..in this time 

ult that euch tet is severe and’ dls. for 
careful 


PREPARING! FOR AND CARRYING, OUT 


from the. shop. the boilers are airy 
condition; oil and grease from. the tube expanders, chips of i 
tivet heads, .etc., are sure to, be found in plenty:,.The oil need not Tee 
us: at this stage, but all particles of metal, or anything liable to damage 
the. valves, must. be thoroughly blown out with an air hose;, also each 
individual tube should be blown in order to ensure that it is clear. t 
boiler valves, though new,, should.all be taken apart, cleaned, and given a 
‘rub with finest emery to ensure a perfect seat. It is i 
too much) stress on the-fact that this work must be: fa peaie 
_ however slight,’ is.eno to..spoil.a perfect test... 
After all the. valves. we, been attended. to, the safety valv may ‘be 
the: manhole: doors, carefully put on, air 
iler filled. slowly. For: obtaining the best.. results. all should, be 
driven out, and this is sometimes .a difficult. is 
usually. fitted #0 the-top of the drum, but air_is 
trapped in the safety valves and in the: main ee if 
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698 NOTES. 


above the level of the top of the: drum, However, the amount trapped 
is small, and it is preferable to allow it to remain rather than to o 
the valve,’ asthere is sure to be some’ little particle of ‘grit in? ‘the water 
ba may lodge on the seat and necessitate regrinding. 
Having the boiler full, we may proceed’ to pump up by: ‘the hand 
to ‘about 100 :pounds. At this: pressure well to make’ ‘a 
ps acm of the boiler, looking to all seams, rivets; mountings’ and 
tubes. Any “leaky «tubes can’ be’ easily detected by a long: lighted 
passed between the rows. Assuming alf ‘is’ well, e may be in- 
creased to 200 pounds, and later to 250 pounds, .a ood examination ‘being 
made at each pressure. The manhole'doors’ will probably require’ a fitle 
itvany: up by this time. 
atty fittings: should be “found porous they must be dealt: with’ as 
pr dictates. A very small leak may be stopped by peening with 
er or by a calking tool, care being taken to relieve the ‘pressure 
fhtee If a’ casting is spongy it should be removed and a new one ‘fitted 
in place. Valves not exposed to steam, as, for instance, the’ main feeds, 
‘may be tinned, if necessary. 
us now assume that' all is satisfactory ond that the preticuire ‘on’ the 
‘oiler has been raised to 330 pounds without any leaks. We can relieve 
the viper ‘and prepare the boiler room for the final test. — 
gages to be used should be calibrated and large gages should be 
used, so that a drop of even half'a pound may be noted: ‘Boiler room 
hatches should be closed’ or ‘covered with canvas, and all openings in 
bulkheads plugged up, in order that the boiler may not be subjected’ to 
— ge Stacks must also he covered, and all openings to. the furnaces 
clos 
When this is done, and. the canis thermonsstent; etc., are in place, 
the inspector may be called, the boilers pumped up to the full pressure, 
and the hand pump locked or’ disconnected. 


. Readin, an s should be taken every half hour. If it is desired to gage any 


of boiler’ while’ tander test, suitable arrangements: must be made 


The writer took some measurements the both the 
pressure was applied, and while it was on, with the following results : 
After a 400-pound test. on the shell and tubes’ (all openings for ‘fitting 
‘being blanked) the’part faced ‘for’ the ‘main stopshowéd‘a permanent’ dis- 
tortion of thirty-seven thousandths, and the faces for.water gage fittings 
as much as twenty-five thousandths. All these faces had to be scraped 
up again before fitting the mountings. Before applying the 330-pound 
test with mountings in place, measurements were taken between port and 
‘the starboard ‘water gage fittings (top) atid found to be 24*inches. While 
the pressure was’ on, this showed 24% inches. “The: fittings were ‘bolted 
to extensions on ‘the head ‘about ‘8 inches long. ‘A tram ‘was also made 
from the’ boiler shell to thé top of the main stop spindle, and under: this 
a difference of inch. ‘The head was’ inch 


follows: emptied them’ and ‘removed the bottom ‘manhole 
a we put into each bottom drum ‘25 pounds of ‘soda,’ 6 pounds of — 
Tye. and 5 gallons of coal oif. ‘Replace the manholes°and ‘put in. enough 
water to fill the bottom’ drums, Then’ connect’ temporary’ steam: ‘pipe 
“to the bottom blows’ and’ adinit ‘steam oe tees at about 40 pounds pres- 
will condense, ‘and, in’ time bring the water: to: me 
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Wi 
that we require. _ 

First the internal pipes are removed and the top drum brushed down 
thoroughly with the wire brushes, care being taken ‘to’ clean well’ around 
the tube ends.’ Sometimes there is a little mill scale fourtd’ on’ the heads, 
especially around’ the flange, and this can be removed’ with scrapers. It 


and is the ends 
and. bottom drums. wire- | “necessary, 
coal oi 

all the small outlets for. water sage fittings, etc.,.-which, are 

ed up, the boiler may be inspected by. the; chief, engineer 

3 ip, who should, in the, case, of straight-tube boilers, “sight” 
from the top. drum, while his holds light. at 
the. insp. is the holler file , the internal pipes 

be: for any considerable time, is 
better San up, to the air, cock with. slightly. alkaline water, 
or they may te Tet ft dry and a tray of burning charcoal introduced 

ring: 
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 HEAT-TREATMENT' OF LOW-CARBON: STREL* 


In annealing,’ the operation consists 'in (1)' slowly: raisi ts to 
its upper ¢ritical temperature ‘holding ‘or: aking it this tem- 
perature for) a:certain time, dependi nthe size of iece treated 
and the condition of ‘previous trea (cooling from annealing 
to atmospheric: temperature,’ 

‘Theoretically; '\as steel» is’ heated tower ‘chitieal point,’ the 
transformation from! the phases of ‘softened steel’ to austenite ‘is 
commenced, ‘and ‘continues’ through ¢ritical range, so that ‘when’ the- 
upper critical point is reached the steel should be all austenite. As’ a 
result of ‘this°transformation ‘pre-existing’ structures, matter how 
coarse, are‘ obliterated; and the mass assumes ‘an amorphous ‘structure; 

providing sufficient time’ has Geen‘taken in Theatingto 
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.When_ the the boiler. is approaching that of the incoming 
steam, the surface blow may be slightly opened Tipe at a pressure 
of 25 or 30 pounds, The condensation. of gre will soon fill the boiler 
the scum pan, and. all oil and grease will be. removed in 
: Boiling ‘is continued about, 70 hours, At the of, this; time, Je 
be emptied and ‘allowed to cool ind then, the: manual part o 
is: Ghished,, the tubes may be The wire brushes 
ould be wrapped with rags, as this leaves tubes in a polished 
condition, whereas a. makes: them. look streaky. The 
brushes will only clean the parallel part of the tubes, and the bell-mouth 
= 


Parther, if. the température’ is ed above the, upper ‘critical’ 

the’ tendenoy' is for"this amorpho become ¢ alline. 
Hence, in annégling’ steef its” ‘theoretica 

to the ‘ipper® veritical ‘pomit only, but practically there’ are 
modify this. For example, in, cast “iesle we find that. frapnetatinss: con- 
siderably’ higher ‘(as'muth as,180 degrees the theoretical _tem- 


ade 


Mechanical work on ‘steel ‘seenis ‘Have the it 
breaks up this intercrystalline film, and as a result we find that the more 
a piece of jew has been worked, ‘the closer the annealing temperatures 
can be kept to the upper critical point, while the nearer the steel is to 
the unworked ‘or ‘cast condition the higher the temperatures must be. 
The ranges of’ ‘temperatures given in’ Table I have been recommended by 
on Heat*treatment of the American Society for Testing 

aterials 

The time of soaking’ ‘depends la ely n the Size of the object bei 
annealed, but ‘sufficient time ds largely > a to permit the object, to. be 
heated throughout to the annealing temperature and allow the internal 
changes to occur. Pieces 12 inches thick require about one hour. . 

_ The rate of cooling after annealing is controlled by the product required, 
If'a maximum. softness and ductility is desired, for instance, for ea: easy 
machining, we cool as slowly as possible | ‘by. either burying the. article 
in a bed of insulating material or allowing it to cool in the furnace, Tf, 
however, ‘we wish to retain a certain amount of hardness and strength 
we must'cool faster, as in air, or, if a low-carbon steel, in ‘water ; but to 
do so we must sacrifice a certain amount of ductility and softness. ‘As 


‘ a general rule, the lower the carbon the more rapid may be the cooling. 


For example— 

1. Steels. with; carbon: icontent below! 0.15 per! cent’ can be: Quienched in 
vas and — ductile, and at the, same time have maximum hardness 
and stren 

2. Steels: with carbon, content below 0.30 per cent: car: be quenched: in 
oil. with results similar to.0.15 per cent carbon: quenched in water..; 

Steels with, carbon .above 0,30 cent cannot be: cooled so rapidly 
without, destroying the ductility of the steel, and so must. be, in the. 
furnace, or in the air when extreme softness is) not. requiredi:s;i¢-ornris @! 

‘The size of objects, must! ialso be considered along with: che» product 
desired. Other things ‘being equal, the larget the object the more quickly, 
must it! be ‘cooled, as: not 80 rapid: as to. setup 
strains. val 697, 

an) example. of. the: effect of rate-of cooling. on the strength of steel, 

we have: a system of. strengthening steels on high-explosive shells known, 
as the’ Sandberg:,air-cooling  method,,; By..this. method: air, at. pressures, 
ranging from 6 ounces to 15 ounces, usually around 10 ounces, is)¢ 
passed around the shell-forging or forced to em ale on the revolving 
shelloin: -would normally: cool: in !30: minutes 


4 
a BIS IG AS 
4 
q 
= 
4 
\ 
4 
P 
4 
3 


ROTES. 
or tore’ in the” aie, i in 6'to 8 miniites: AS a result’ the 
ultimate’ strength is yee ‘with an increase in the elastic ratio, but with 
little variation -the’ ‘ductility ‘of the steel. This procéss'‘is really ‘an 
intermediate’ ‘treatment between’ annealin, the regular’ ‘of 
steel, due to the formation of’ sorbite. other way to get this sorbitic 
‘is first‘ to“quench steef'ffom the upper critical range, thus retaining 

s fine-grained structure; but ‘feaying the steel very hard and without 
lity. “The stéelis now tehéated close to but below the*lower criti 
range—say, from 932 degrees ‘to 1202 degrees F., when it loses “its hard- 
ness and becomes ‘ductile, The réason for this is that the ‘steel has been 
changed . from, martensite, to.. sorbite,;, Tha is really. a hardening.and 
called is referred. to, here it, is sometimes 

a le. ann treatment. .. 
in Table. thar are given by ‘Houghton 


TO ‘CONTENT. 


-$Steel.is most commonly in: oil. or In-either: case care 
must be’ taken, especially with high-carbon: steels, to prevent! cracking as 
the result of strains ‘set ‘up: by too rapid: cooling: ‘oil:or water is used, 
the object should be: from the bathobefore its temperature has 


fallen below 212 degrees F atid or. tempering treatment 
should follow immediately. 


If a piece of: polished: is: furnace a: ‘thio: film 
of oxides will form: on its surface. of this: film with 
temperature; and so in tempering are used as ‘an :indica- 
tion df the temperature of the steel. The'steel should have at. jong 
polished’ face that) this: film: be seen. 

An: method ‘to: the rmination temper is- 
temper: by in-an oil or salt bath: Oilbaths. cam ‘be used: up to 
temperatures degrees F.; above this,' fuséd-salt baths are required. 
The article tobe: tempered is put ‘into the bath,: brought. up: to'and: held 
at the required temperature for a certain length of time, and then ‘cooled, 
either rapidly: or! slowly. takes longer than: the color method,’ but 
with low temperatures the results are more satisfactory, because the tem- 
perature. of: the: bath: can be: controlled with a pyrometer. The tempering 
temperatures: given ‘in Dalle are: a issued 


“TABLE 11.—RELATION OF 
Carbon Content; 
i 
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of ‘3 a Stone-tools, faces, 
Purple 640. Coldechisels for. ordinary ,.work 
660, Hot-chisels, tools, for work, 
Light blue 710 Springs, screw-drivers,. 
sets of temperatures‘are shown, one’ beitig ‘specified’ for 
interval of 8 minutes’and the other for 1’hour. For the finest work the 
longer time is preferable, while for ordinary’ rough’ ‘work’ is 
sufhcient after the steel has ‘reached ‘the ‘specified temperature. ‘‘The' rate 
of cooling after tempering seems to be immaterial, and the piece can be 


_ cooled at any rate, providing that in large pieces it is sufficiently slow. to 


prevent strains. 

How are: we to know if we have given a piece of'steel the very best 
possible treatment? The best method is by microscopic examination of 
polished and etched sections, but. this requires a certain’ expense for 
laboratory equipment and upkeep, which may prevent an ordinary com- 
mercial plant from. attempting such a refinement. However, I ‘'would 
certainly recommend any. firm that has any large amount of ‘heat-treatment 
to do to install) such an equipment, which can be purchased for 250 to 
500 dollars, Its intelligent use will save its cost in a short time. © 

The other’ method is by examination of fractures: of small test-bars. 
Steel: heated ' to asia temperatures will show the finest possible grain, 
whereas underheated ‘steel has not had its grain structure refined: suffi- 
ciently; ‘and ::so’ will -not-be at its!*best. On ‘the’ other hand,’ overheated 
steel will have:a coarser structure, depending on the: extent of overheati 

To determine the proper quenching temperature) of any: particular rem 4 
of steel it is only necessary to heat pieces to various temperatures not 
more than 36:degrees F, apart; queétich in: water, ‘break: them, and examine 
the fractures. The producing ‘the: finest rain» 
used ‘for annealing ‘and ‘hardening. | 

Similarly, to determine tempering pieces should be 
hardened, then tempered to various degrees’ and cooled in. air.” 
say six, reheated to temperatures varying ‘by 180: degrees, from: 570 
degrees to 1470 degrees will show a considerable range of p ca 

can 


and! the temperature of the piece; giving the: 


be: used, 
following precautions ‘should be observed in the heat-treatment of 


not plat piece diita ix hight Fither 
reheat it or put it into: a cold furnace and w it to heat with the 
furnace. This precaution is especially applicable im: cold weather. Re 
member also that the changes occurring in the critical range are not 

instantaneous, ‘stéel must be given time to change. 
pay to rush the heating. Raise the temperature slowly. 

2. Allow the gs to soak at the quenching temperature until ; it. ‘is 
eoiforml the length. of ,time depending on: the size 
piece rate 

Do, not. allow the piece on the ‘hearth of the furnace, 
but have it supported at a sufficient he igh t for free circulation of gases 
on-all'sides. Pong siccesi phon) should have sufficient support to prevent sagging. 

4. Never allow «especially if it has ag or sharp corners, to 
come in contact wit flame. 


| 
| | 
4 
. 
i 
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In’ quenching, i immerse the withthe vertical. This will 
prevent excessive warping, or cra sg to, unequal ‘contraction in cooling. 

6, Care. should, be taken. that no sharp. grooves, corners, or seams, 
which may: develo cracks, are left on. pieces to, be. quenched. 

7 In of a large piece in a meres. Dat it 
in a,furnace ho: tter than e. drawing temperature, nor ‘urnace 

exceed, required temperature, otherwise. the. steel will te softer 
requir 

pieces, soak soak a sufficient time at the desired drawing 
temperature ta.allow the heat, to. affect the center of the piece. 

9, In: annealing and _quenching, never. depend we ve judge the 
temperatures: use Mechanical W 


axtnActs FROM. ‘AN ADDRESS DELIVERED BY “HON: JOSEPHUS DANIELS, SECRETARY 
THE NAVY, AT THE OPENING EXERCISES ‘OF THE POST 
» At “ANNAPOLIS, THURSDAY NIGHT, JUNE 12TH. 


‘to be the profession, in A America, for 
tht moves depends upon. the genius, knowledge, skill of 

who aré as much at home in overalls as in dinner coats, who love 
o make the wheels go round, and who understand that motive power is 
the center of progress and world prosperity... 

There are four callings that add most to the sum , if human ‘wealth— 

farmer, the miner, the artisan and the engineer. e last. is an old 
profession, as. the. water system and baths and roads oF ancient Rome 
testify, but its expansion to cover all fields has been the outstanding 
creator of wealth of our day along new lines, It makes land, the one 
rie it was, said. man could not create. It carried the water power of 

eat and small, to centers, It. increases the fruit and 
grain he soil and th roduct of the artisan and gives 
new value to mineral deposits, It es possible girdling the globe on 
the sea, under the sea and in the air. And yet, yeoge it works in the 
bowels of the earth and in the lowest decks of s hip 
away, from | ‘the crowd, recognition it eserves has 
given to these creators, of wealth. 

When one takes a voyage across the ocean (and more apis baie 
crossed. this. year. than in the preceding hundre - years) understands 
never, before what he owes to the men in fire-rooms, far below 
the water’s edge, who. in a-temperature that compels return to Adam’s 
oe: of garment, make possible safe transportation in comfort, A. visit 

the lekoe to the engine-rooms is * education in. the achievement 


mira 


coat’ vest an irt_on deck, for you find the men. worki 
a they cannot endure longer than four As 


you tination. 


- gS well as the men who, design and. build and operate the great engines 
in a modern, ship, is: an engineer, The captain presses a button, and_ lo, 
reduces or increases its speed,.and .as see. this. modern 
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When you are again on deck, enjoying the cool breeze or partaking, of a 
good forget that below decks ‘toiling: inthe’ grim 
unlighted’ aré ‘engineering’ foree ' thé ‘ship. No ‘nian’ in’ the 
world lives the comforts ‘of ‘life’ without’ obligation’ to‘ othiér’ men 
who ‘sweat’ and!’strive’ to” give’ hith’ thé’ comforts’ and he’ ‘seldom ‘stops 
felt fully the’-obligation: to ‘these: men’ who" keep ‘the ‘engines 
going as upoh a fecent trip’ across onthe! Leviathan’ and’ back’’on ‘the 

t, Vernon, Heaving coal into the furnace is not my, long’ sijit} but I 
turti at: it’ along with ' the ‘boys,’ and was glad’ it otily' minutes 
instead of howrs that ‘held ’ié to 'the’ hard’ task’ with ‘the ‘thermometer at 
185 degrees.’ Thanks to American’ engineéring’ skill, ‘we Tun “béth' these 
former German ships on’ coat’ than whén’ the much vaunted German 
efficients operated them, and we give better accommodations and: are 
arranging for otherwise improving conditions aboard ship for these essen- 

_ tial men., There is no more inspiring story of the war than. the, heroism 
of the ‘men on the Mt. Vernon when she was torpedoed. This charac- 
terized. all the men of : every rating: from Capt. Dismukes;: skilled 
engineer officer, to the .youngest recruit. It. was, collective heroism,, But 
it was conspicuously true in the fire-room where the torpedo struck and 
where thirty-seven men were killed at the post of duty in the darkness 
without a moment’s warning. Immediately after the torpedo struck there 
was not only a maelstrom’ of inrtushing water, but the air was filled with 
sdot and cinders and the’ shovels in the fire-room were thrown in various 
directions. The lights were ‘put Out and the fire-rooms were in, darkness, 
but' ‘every man’ stuck ‘to ‘his job, the reserve crew hastened to len 
assistance, climbing into what appeared to be a regular death-trap, .at 
when it almost appeared to every one in those fire-rooms that the shi 


was. sinking. And yet by collective heroism, ‘under plans, already worked 
out by the captain ‘and officers, tiainly due to the engineering force, th 


miracle of that ship returning to port under its own power was witnesse: 
to the glory of the American Navy. Individual heroism entitles Chief 
Water Tender O’Connor and Patrick Fitzgerald to rank with immortals; 
Hoke Smith to a high place; distinction to Commander Guttormsen, 
chief engineer, and the ‘whole engir eering force; all honor Executive 
Officer Commander Staton ‘and ‘Lieut. Doyle, with the other officers and 
Before this opportunity to display heroism, engineering skill hac 
possible in an acredibly short ‘time the repair of the destruction the 
German had before leaving this and other ships—one of the 
most subtle achievements ‘of the war. But it was only a signal instance of 
engineering skill and: illustrative of ‘what ‘was done in designing and 
building ‘submarine chasers, mine-layers, Eagles, destroyers and other 
craft the character of the war demanded. The flight of the NC across 
the Atlantic was due to engineering skill and vision, as was the adoption 
We have made progréss in naval engineering, but what has been’ done 
is but an earnest of what the younger men in their’ day will achieve 
unless’ we are to mark ‘time atid surrender leadership to others. In the 
immediate expansion of the merchant mariné and in the larger ships the 
Navy is, building, ‘there’ willbe ‘not’ only ample opportunity, but com- 
pulsion for ‘greater study of engineering progress afloat than in any 
previous decade,. With automobiles and ‘air-craft making new records on 

e land and in the air, engineering skill must be applied to faster ships 
and better working conditions on ‘naval craft and on merchant vessels. 
' There must be specialization, but in addition ‘there must be mot 
general study of ‘engineering problems by all the officers in the ‘Navy. It 
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pot Acad and. partisilarly "this, post: 


th ‘itis TOW ree “fact, yet. it, 4s well 
acces ot the ed éngineets an and fine 
0. require all o cer to_be capa 0 e rin ties 
dont ‘to improve the eral effi clepey the tha any, other 


to the fact of, eve “officer's. ties 

evident best results, ed. cers 
and their methods of operatio 

‘It is arenes, that the field. 
one person can the ly it. and in a dition, be. a. 
other ‘branches’ ‘of the N profession. It is true, that the field of 
enginéers is vast’ one in our ships of war we utilize machines 
‘for military -ptirposes which involves nearly all the ‘branches of 
We haye all various. types of steam engines, an 

mit 11’ say, gun engines, but ‘the point which is frequently. over- 

Tooke is, that there is a vast’ difference neat the knowledge required 
to ‘operate 4 machifie ‘and to. build one, One does not need. to know how 
to build an automobile engine. in order that hie may. operate it in, drivi 
the automobile, although he can operate his aytomobile with better success 
and efficiency if he has some knowledge of the principles which underlie 
the construction of the ‘engine, and it is due. to ‘this fact that, it has Deen 
demonstrated. that the officers of the eral as a whole, can -be trained to 
operate the engines and to do the ees engineering "duties, although. it 
may not be practicable to train officers. to be expert designers 0 
the engines. A knowledge of one lind of machine also greatly assists 

one_ in understanding another kind of machine and if an. officer. has 
experience in operating the steam and ‘electrical engines. of a ship, he is 
better fitted to operate the gun engines of the ship and to operate. the 
ship as a whole, which is really one large machine. . The operation of 
the engineering departments of our ship also involves a. large amount 
of executive work, due to the large number of men. “required in the 
engineering departments and’ the experience which officers doing engi- 
neering duty have of this executive nature also fits them for. the other 
executive duties of the ship, including that of the commanding officer. 

“An officer's entire service in, the Navy is one 
and should be one of progressive development, | to: the 
when he is placed in command of the largest. type of 
if, an has in sch of the. of ship’ 
organization, particularly in the engineering department, he jis there 
oat ore capable to exercise the high office of command and is he acid 
better ed © to train and prepare his ship asa miele to. meet the’ 
test of th of ‘battle. - 
‘however, that. there is ‘particlar ‘need- for a. 
number of officers who have a more expert know weicge t 
required of alt officers of the various types of the engines and mac Wg 
including the guns, which, are placed in. our’ fighting ships,, we ‘have 
established this. special school, called the Post Graduate irtment 9 
the Naval keaton} to give a com ‘small number o offi ers ‘the 
special qualifications opportunity for specialization. ‘It for. 


4 
4 ~ . 


this, his career, On the other hand, 
‘much better fitted to perform any of the various duties which he may 


have, due to this special training, for enginee ciency i is the most 
needed of all efficiency in naval officers, 


"I urge you to. use every endeavor to utilize this ‘opportunity ‘to dev 


your expert knowledge, with the idea principally in mind, that pa 
thereby be a more efficient officer and of greater vane to RE Nagy a and 
to your country for having taken this. course, even though you may 
‘be assigned the duties of an expert in any particalar work, because a shor 
all, the highest ambition is to be a hundred per cent good, all-around 
of the Navy, ready fo. which. may be, assigned 
ou. 
to various ‘it thas? “me, sufficient’ importance 
is not given ‘by the officers of the ; a a whole, to the value of 
engineering duties, and I think it would. be well if all young officers at 
suitable time after completion. of their course at the Naval 
demy were required to perform engineering duties in a, ship for a 
certain continuous and definite time, as it is my opinion that this expe- 
rience would serve as the best foundation for all the duties which the 
young officer would be called ‘wy -to perform in his. future, service, 
It should be realized that the officer or man euesery in running the 
‘engines and boilers of a ship’ is. * doing just as mu ‘defeat the enemy 
as. the ‘officer or a man who is operating the guns and turrets of the 
ship. Their’ skill, both ‘mechanical, and personal, is utilized for one 
military purpose, that of fighting the ship. Without practical engineerin 
and practical ordnance experience the man on the bridge cannot be as 
efficient as with. this practical knowledge. The more is knows about 
the driving power of his ship from experience below, the better ite 
fitted to command a ship or a division or a fleet, and the better quali 
he will be in tactic and in strategy. It isa falsé theory that some men 
shall give themselves to problems of Batt practice, others to engineering 
and to ordnarice. The great commander. is. if . he has has been 
trained in all, for knowledge of engineer and ordnance duties is essential 
Rie the highest when in command in modern machine warfare. 
The Nai B. first of -all a great practical University, with ‘schools ‘for 
bree all the way from the three R’s to the, highest naval ptrareey. 
t greatest officers are students and teachers. Every man in the. Navy 
Student. When he quits studying: he vgs to quit rid Navy. When 
ital Sims ‘concluded his great work abr. _thought—and who 
will deny he was right—that the highest. diity he to increase 
initiative and efficiency of the Navy was as President of. the ‘War 
liege, the “head. of our “great and. extensive educational 
system. “The future of the ’ ayy depends upon, the vision to see and 
the larger ‘problems naval equ and naval’ strategy. 
ere in the Post Graduate School, at the War College at the Na oa 
cademy, at all the schools is Teal motiv ve ‘power moust. di 


| Purpose of this special training as, experts, that 

assigned to this school. ‘The number of officers nee 
is not large it is not 

nd separately izec. corps to perform. these 
must be a few Officers: who will be especially designated for the service 

Rescate urges ‘throughout ‘the entire length of their service in. the 

The time spent in gaining this expert knowledge is not lost, but is 

ig 


of’ ‘the Navy in this science, it is, insp 
achievements of our Navy century i 
adaption of eléctric propelling or our huge battleships, 

uch praise for this advance cannot be given to Rear Admiral R. 

Griffin, Chief of the Bureau of Steam Engineering, to Mr. W. p Pao 

ett of the General Electric Company, and to the other engineers 

vil life who Have . jo oined our naval officers in bringing this, unique and 
far-reaching accomplishment to ‘a successful issue, 

The suitability of the electric drive for naval vessels was tinder dis- 
cussion by our experts for sevéral years: it is first pee out on the 
collier Jupiter, where it met every test’ as to economy, f ‘of opera- 
tion and endurance. As a result of the very satisfactory service of the 
Jupiter, it was. decided to adopt this type of machinery for the battleship 
New Mexico; and her ‘successful operation has givén great gratification: to 
évery one concerned since these results are a’ notable thonument to Ameri- 
can progress in the field ‘ofvengineering. 

The electric drive meets, in a peculiar way, the many réyuiredsithy of 
battleship: propulsion... Generally speaking, ‘it: is more ecoriomical; with a 
resultant saving ofa, large amount of fuel, thus making the battleship 
a more effective fighting machine, as it gives her a lar radius of 
action. It is also capable of withstanding long and hard service, and 
the cost of repair also be of any other type. 

With the electric drive, the battleship also be given an enormously 
greater protection against torpedoes and mines. This follows, since the 
various units of the machinery canbe! isolated in waterti 
ments so the one or more torpedo expldsions might occur in 
spaces, and such explosions would not toy fail to sink the ship, but she 
would be able to continue @t=iw of speed.. For instance, 
one of the two main turbé neratc coul ‘destroyed by a torpedo 
and the compartment floodéd, amd yet: ip ould continue to run at 

waitin dip “pet a fighting ship, 
is an advantage of the greatem 

Again, the electric wae’ 
in its operation,:so that the $ 
speeds, with very nearly th 
flexibility arises from the | 
circuits almost in the twinkl 


© & notable indication of the 

iepce’ which now \exists generally among the 
officers of | . ibuteato the high training and 
marked cxperts who brought 
this epoch-m; 


liarly since it was exp 
opposiyon of some eminent | civilian 


sons of their own, oppose far-reachinj elopment. ; 

It is true that there wer€ sOtfie officers Ofythe Navy who hesitated in 
advocating so revolutionary” ag advance, fearing that it would be perhaps 
a hazardous iment to so large a in a capital ship. Some 
thought that there Pin i in using the large voltages 


which would be, nec ry,, and which mig ht in. Some way pe a menace 


wark against rests. of pbui 
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machinery mus esigneg obtain the | economies’at some par- 
ticular speed, or else a com romise must be fade to meet the extremes 

is 1g. pee nowledge whi 

prevented tii ineers against such 
a radical dep ing the installation 
rved also as a bul- 
lders who, for rea- 


708 NOTES. 


fears have, prov: dless, however, ou 
dy t ‘that the United Se €s, Navy. the rst 
success in’ every way.. 
this. we have but, won atig hes in n the Tong, list ‘of, 
American engineers so pli among the world’s 
invention and mechanical’. ose pioneers whose 
applying nature’s resources ; Hs use of been of such. inc 


SCAVENGING: IN, EWO-STROKE-CYCLE ‘DIESEL, 


of scavenging, is to. clear the cylinder burnt gases: at the 
end, of the power stroke and.to fill.it with, fresh. air ready for compression, 
f Scavenging in ‘is: ‘by 


down 


AVENGING BY IN re 


. 
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4 
4 
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exhaust ports and:fills the: cylinder with, air ready com- 
préssed: on the:next stroke: the. Phere ‘ard several methods of 
admitting the air to:the cylinder: The fiest method: :was (by: means..of 
valves in the cylinder head, as shown in Fig. 1. As the piston A nears,the 
end of the power_stroke it uneevers;the exhaust ports B.in the bottom of 
which allows exhaust..gases to, blow, out, into,the .exha 
pe .C., Shortly the begins to uncover the: exhaust,, ports, :t 
;valves .D head) open.and allow..the.scavenging 
air to. sweep down,, oducts: of combustion ut, 
exhaust! ports and,filling. the ,cylinder, with, fresh, air, The, piston, then 
starts. onthe return, stroke and. oses the exhaust, ports after, -which:, the 
valves close,and compression begins. 
e.scavenging valves.are usually set to, open some. time after the, piston 
begun, to. uncover, the exhaust: ports, ,so..as, to allow: the pressure. in 
e cylinder,,to.,drop. nearly to, that of. the atmosphere.before the, valves 
opens. otherwise, there’,is danger, that the exhaust .gases will back up 
through the scavenging valves into the scavenging-air receiver: The valvy: 
are usually set to close. shortly, after the. Piston. has..closed .the, 
ports, thereby allowing the. pressure in, the, cylinder to -build..up to that 
the scavenging-air receiver and giving, a slightly higher at ithe, end 


to. excessive. ‘ane valve ‘ear, in age engines, 


; 
of the compression stroke than Way eC iy the scav valves 
closed as soon as the piston close e exhaus S. : : 
This method of. scavenging is very, rapid and_efficient and is extensively 
: used in the smaller engines; but, as a large valve opening is necessary to 
the amount air the two and. often 


if 
if 


HOURS. 


where six valves’ per cylinder would be necessary, including the ful ink 


_ ‘starting valves. : Also, the excessive number of valves greatly: weakens 


the cylinder head, which should be pierced by as'few openings as: possible 

of the high pressures and teiiperatures: Teached in Die Diesel engine 

finders, 

‘To overcome: these difficulties system of écavenging' ‘was developed 
which is iow extensively used on large two-stroke-cycle engines. . In’ this 
system, shown in Fig.’ 2, ports are used instead of valves. The scavenging 
ports A ‘are arranged in’ the cylinder wall near the bottom ‘of ‘the eylinder 
opposite the exhatist ports B. When the piston reaches the position 
the power ‘stroke, it'! to uncover ‘the exhaust ports B and allow the 
products of combu to eseape' tothe exhaust pipe. “When 'the piston 
has reached the position D, the pressure ‘in’ the cylinder has dropped nearly 
to that of ‘the scavenging air and the ‘scavenging’ ports A begin to open 
and ‘admit’ the air’ to the cylinder. “When ‘the ‘piston has reached ‘its final 
position E, all ports are open wide. The incoming’ scavenging air is de- 
flected a watd by the shape of the piston, ‘So as to ‘drive out all the exhaust 
gases. : the return’ stroke, the ‘piston first closes’ the scavenging’ ports 
and then the exhaust ports, after which compression takes place; © 7% 

This system is slightly less’ efficient’ than’ the valve ‘scavenging system, 
but it does away with all scavenging: and simplifies the en- 
gine, as only two valves are necessary perseylinder—the fuel-inlet and 
starting valves—and in some qases Only: 
omitted. With this system 


symmetrical as‘ possible: atid» should: contain: no pockets ‘or cavities; Also 
the: compression ‘is: hot: so: highas might be, because’ the scavenging ports 


2 
| — yeild arlt to 
‘is 
| 


mospheric pressure 
case where scavenging valves are u 
ik 3 shows’ the system, of scaven 

type.. The chambe 


auxiliary scavenging ports C, but no air is admitted thrpugit these ra 
because the valve D remains closed. It then begins to uncover the ex- 
haust ports B, which allows the product of combustion to escape to the 
exhaust pipe F. ~Whenthe piston has reached the end of the stroke, it 
has completely opened: the exhaust pores B and also the scavenging ports 
A, thus atlewing air_to enter the cylinder from the receiver. At this time 
the valve D begins.to open and*admit air through the ports C. On the 
return stroke the pistotr-first ¢loses the main scavenging ports A, but by 
this time-the valye D is wide>open and air is still entering the cylinder 
which the auxi iscavengin: rts C are close é valve D remains - 
open until the potts C have by the piston. 
three. of are the ones generally used on two- 


OF 


= 
- 


Fic. 4. oF Scavencinc. ‘Poss, AND. An RECEIVER. 


stroke Diesel nes. ‘There are.a few other tems. used, but 
th differ only ‘in. details from the ones descritied. 
dit for scavenging. is obtained from ''the scavenging pumps, which 
ate of the low-pressure reciprocating type and have a large capacity. The 
pumps are Ustially driven by the main é, either from the cranksha 
or by means of levers and rods connecte to: the cross-heads or connect- 


NOTES. 
COU re ion Starts from 
3 r is not distorted and the scay- 
for.a short. time after the ex- 
| aust ports have been closed. € main scave ports A ate arranged . 
| half-way around the circumference of the cylinder at the. bottom, opposite 
the exhaust ports B. Directly above the, main scavenging ports.A. are 
| the auxiliary scavenging ports C. The admission of air to these ports: is 
controlled by .the, auxiliary. yalye,D, which is operated by an 
eccentric,.on the. engine .camshaft; scavenging ports are,.inclined. so 
as to deflect the air upward and thoroughly scavenge the cylinder. ; oS 
| 
| 
/ | | VN 


712 NOTES, 


that in ase’ ote down 'the- other! will ‘deliver air to keep 
the engitié funnitig; as ‘pump ‘about ‘cent the’ ‘total ca- 
pacity required to run the engin bee 

“The Scavenging: ‘ptimps’ schatge ‘into’ a vee? smalf di- 
mensions, which’ runs ‘the “whole length of the’ enginie and suppliés air "to 
each ‘cylinder for scavenging.’ This arrangement” is’ Shown’ in’ Fig: ‘in 
which A isthe scavenging’ pump" discharging into the’ receiver B which 
supplies air to’the cylinders: 

‘Very often large’ engines are’ divided ‘into ‘that is; 
cylinder engine’ is’ treated as ‘two’ 2-cylinder engines and a 6-cylinder én- 
gine'is treated as two 3+cylinder engines, one scavenging’ pump supplying 
each section” ‘On’ ‘very large engines: scavenging pump 
Per is often! used. A 


i 


5. “Cac OF svi Pox 


scavenging. | “The: cy 
cin in turn is links, from, of the 
engine, The air i awn, from the suction ipe. roug € suc- 
ves Fa pass which jeads to the scavenging air recei 
‘valves in this type of pump are closed 


| 

q 
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Scavenging’ Stns: t ost important point’i the 
of an aniple’ ‘of air, but it’ $a should 
the exact’ Capacity, of’ to ‘thé workin Leylinder for 
time. “That' it must be i excess of the fatter 'is generally agreed. 
ordinary ‘marine’ ‘and’ low-speed ‘stationary engines. of ‘the 
sttoke-Cycle’ typé, the volume of the scavenging ptimp ‘is frequent 
25 per cent greater than that of the working cylinder, ; while i in hi 
it is often made 50 per greater, 
tely, turbo-blowers have béen substituted for ‘purhps ‘in 
number of cases. The results have been ago “ a properly Aa 
signed turbo-blower. capable of delivering ume of. air at a 
high’ or ‘satisfactory’ it will undoubtedly 
used the future because its ease of 


lation { 


THOMPSON RETURN-LINE PUMP. 


il fa vacuity “heating: the’ the to- 
gether: with: the air; is) drawn by ‘suction to a 'pamp, where) the air is 
separated from the water, and the hot water is returned to°the’boiler or 
to a receiver: Naturally, ‘a@-vacuum pump: should» be: in 
peste quiet ae an 
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lo 
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habbse ed 
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| Section Turouch Vacuvie’ Pumps 
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erank and the impeller, 


surfaces of the. impeller and. the casing cylindrical, 


especially 
be a source of gratification to his friends ob 


_ has been so great that whén e four-year detail had expiréd in 1917 the 


rpose which. te 


wih, bal 


cRIFFIN RECEIVES HONORARY 

phe honorary degree Doctor of Engineering conterred. 
Rear Admiral Robert S. Griffin, engineer-in-chief ais wag? States 
Navy, by the Stevens Institute of Technol of Hoboken, N. J., on June 
17. While comparatively few, outside of ‘hobo intimately connected with 
naval engineering affairs, are aware of the vast scope of his activities, and 
‘the responsibilities; carried. during: the period:of the war, it This 


richly’ deserved: Honor.) 2! 

>The new:-navy may be considered:as commencing’ ‘with the 
about 1885, at which time Admiral Griffin: was an inspector of machinery 
for those vessels. From that time down to the present, except for tours 
of sea duty, he has had an- active and “résponsible 7 in the equipment 
efficiency of our naval<vessels,, “ 

Admiral Griffin, for more than. five. i: , as the'g ssistant of the late 
Admiral George W. Melville; engineer-mn-chief of ‘Mavy, and in 1913 
was appointed chief of the Ae of his administration 


Secretary of ra to, precede ‘continued as chief of 


Upon his profesional skill and the pe of his depattinent depended 

the readiness of the fleet, and the # tra 

armies to France. Our vesselg: sand 

Admiral Griffin and his 

completed to meet 
Some idea of the 


these is about six aud one m we) 
of the number of vessels under construction, mE 4 


and the aggregate horsepower increased = e 


je motive power 


The work of the Bureau of Steam spre bi 
of all naval vessels, and includes-algo t /maghinery, the radio 
telegraph and machine for naval air’ The first%isistallation of elec-— 
tric drive in the navy, that on the Cote New Me-xiéo, and the rehabili- _ 


tation of the damaged machinery of a 
within the scope of thig bureau. 

Admiral Griffin is aman ‘of a writet.of excell engi- 
neering subjects, and is miodest ‘nature. has ‘ben 
one to advertise his work. 

“in the class of 1878—“ Power.” 
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if 
ing that the navy had andérdts care the machinery ‘of neatly 2,000 
“horsepower of . 
this the total 
§ ould be added 
a 


e 
3 
n 


20% 


and’ Applications,” 


Ma A. F. Banat ow my 


Mr. As F. Baillie, f the Engineering Department of the 
Company, Lidited, read a on “Fuel Oil: Its 


well—contains tight of the 


tillation on:account of their higher values, but’ which if left in the ‘fuel oi 

and-used as fel} would-be a wasteful proceduré, atid, further, 

the flash-point, which has been very properly fixed by British authorities, 
viz: :—Lloyd’s: Register ‘of Shipping, 150 degrees’ Faht.; British Admiralty, 

125 degrees Fahr.;: London County Council, 175 degrees Fahr: ‘The crade 

is therefore subjected to what is known as a “topping process,” which’ is a 


distillation ‘which ‘cuts out those lighter: fractions, leaving: a product having 


The physical and chemical tests’ of fuel oil are as follows; 


~_No. 1 at 100 degrees Fahr. 
over 18,750 B.T.U,’s. 
3:5 per cent. 


tions;: ‘The crude: oil has to: bé transported to storage tanks at the re- 
fineries, which are generally situated on seaboard to facilitate” shi 


ipment 
the refined products. For this purpose: steel pipelines are employed of 


8 or 10-inches:diameter, with powerful pumps at’ intervals along the line, | 
and-in this way crude’ oil is delivered to refineries: from wells which are. 
pe away: One-of the Mexicgy Eagle. Oil Company’s: refineries, 

at Minatitlan, is capable of turni over 1,000 tons of crude petro- 
leim daily: into’.a cotiplete range’ of hi products; gasoline; 
kerosene, lubricants, fuel oil, paraffin wax, and asphalt for roads. Another 
refinery recently been conipleted at Tampico; 


BUNKERING. ‘AND MARINE: 


| ol is loaded, and ships are bunkered i in Mexico. at Tampice, Tuxpam 
oazacoaleos. At Tampico and Coazacoaleos the operation of loading 
is by from -the refinery pump- 
ing station, tothe steamer’s. jetty. on the river. At Taxpam,; however, 
owing to the fact that the water inside the bar is too shallow’ for the lange 
15,000-ton Eagle Oil Transport Company's: steamers to come ide 
and load, it was found necessary to provide sea loadi 
ingly, submarine pipelines have been laid on the bed 


pointed: out .that fuel ‘oil ‘was frequently spoken of crude but 
this is ind issues 
KerO- 
‘Tash unt (open 
Sulphur percentag 
s, e 
. 
al 
d as 
er 
io 
c- 
ji- 
ne ; 
lis are then connected by flexible hose to: the steamers lying at these moor- 
ings, andthree.or four vessels can .be loaded at once from the storage 
tanks and pumping station on shore. On an average each steamer is — eae 
| 
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sad enables ship be low dell dees, paling 
0 


sea-line facilities enable a ship ed at the rate of _ tons per 


24 hours. FS 
The next step” ‘is the transport ‘from. the io the world’s 
markets, for which purpose :a-large fleet. of tank: Over 15,000 
tons deadweight capacity, have been built by: the Eagle Oit Transport 
Company. . The. latest addition: to: this: fleet is the San Posmaiies which 
has a deadweight carrying capacity of 18,000 tons, is: ‘tlie | largest oil 
tank. steamer.in the world. This vessel; which has greater displacement 
than a dreadnought, was recently launched on the. ‘Tyne, andi is now: being 
fitted with geared. turbines and oil-fired boilers.: 
The ‘tanks of. these vessels are fitted at the bottom heating coils, 
which enable them to transport not only ordinary: grades of fuel oil, but 
also the heaviest Mexican fuel‘oils,:in bulk: during the winter months; the 
fuel oil;.being loaded ‘in; Mexico at. a temperature: of 100-degrees Fahr,, 
allowed: to. cool: down to about. 85-degrees Fahr. during the: voyage; and 
when the vessel is about. three days from the home port these steam 
heating . coils. are into ‘play and: the ‘again-raised to 
about .100 degrees. F. to facilitate speed of discharge: Four’ la: 
steam-driven cargo ‘pumps are installed, and are fitted as close to 
bottom of the ship as ible, so as to: obtain the minimum: suction lift. 
These pumps are cap le of, handling. 1,200 tons, or.7,500 barrels of ‘oil 
The tank steamers discharge their cargoes into ocean storage ‘installa- 
tions at various borts in this country and abroad, into storage. tanks 
in capacity 30 to 8,000 tons. The largest tanks in this.coun- 
have a’ capacity ‘tons, and are 95 feet in diameter feet 


From; a rapid survey of, production and.transport he passed to 


the ‘thourands- of tons. oil fuel 
have been supplied to the. Admiralty. ot only has: it been used-in sub- 
marines;., torpedo. destroyers and cruisers, but’ the newest’ type: of 

capital ships, such as the Queen; Elisabeth series, are fitted to:burn:oil fuel 
Its..use. has without. doubt contributed :to. our’ naval “supremacy, 
notably in. the battle -of;,Falldand Islands: 1915 Lord: Fisher,. the 
veteran advocate of an.oil-fired navy, wrote .a$ follows: . “Machinery: has. 
and the all-oil boilers do not get.tired... No more: hell, 

‘ip he unfailing propellers. get: us. top speed ion. the ‘spot: 
minute, though 7,000 miles away.” This reference is nes to the 
Falkland Islands battle, which was won in December, 1914. : 

The points in favor of oil in place of coal for warships are :— : ee 

or 80 per cent’on equal bunker space. 

(2) Up to 83 per cent thermal efficieney, instead of 60° per ‘cent. 

(3) Boilers can be forced up to 50 per cent above ‘normal rating. 

Controlof smoke: entire absence or dense smnoke as ‘desired, 

5) Reduction of labor by about 

He Bunkering at sea: 
Mercantile marine —There ‘ite: cavally 


in the application of oil to the mercantile ma patina com- 


> 
APPLICATIONS AND. ADVANTAGES, : 
Be 
3 
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Company’s SS. Arigonan: ‘This vessel took 162:days.onthe round 
economies effected and increased earni eto $a) spaces, 
she; save 500 the voyage. or over 

It is im rtant_to.rememb 
may be readily alteréd to‘barn coal, or when required. If suit- 
able arrangements are made ‘ihe ‘work can be done at the cost of a few 
pounds ‘by, the ship’ s own staff without any considerable trouble. or bar 

to, ‘the steamer. The’ ‘advantage offered by this ready conversion is 

chéap, the the used journe 
resulting in” remarkable athe Kisen, 
fine is operated in this 


‘Another instarice is a’ off Oil 


; he lowing. Its 

| rots bas OF vd are 


2953; 
ater evaporated— 
. of water per of oil. 


W, ter evaporated— Josinavhs msm Silt ber 
of water per. Ib. of goal ii:.. «. lee aiod t 
of water per Ib..of coal.(from and 
Efficiencies high ‘pet cénit bin obtained’ in’ this county 
on type boilers, using Mexican fuel oil with the pressure 
system ‘0: 
from’ coal to° fuel” oil firing, the water evaporation per pound of 
having a calorific value’ of'11,451 was 7.22 pounds, whereas when 
working with the pressure system of oil burning, using an oil having a 
‘Of 18,750, the evaporation per pound ‘of ‘oil ‘réached 144 
pounds.” TNE OE Water foot’ of 
surface on coal was 3.3 pounds, whereas oil showed over 7 pounds, th 
_ increasing the boiler rating by over 100 per cent. 


tons dead- 
respectively. 
avor of.0 
: while the I.ti-P. developed showed an 18 per cent improvement in the i 
case of ‘the’ ‘oil-fired' vessel: striking fact of. the comparison 1s: that 
Boiler 73.37 per cent 
COAL, 
. 
4 
: 
3 


4 


“Buel ai fn ‘this rial furna 
billet heating, ‘metal meltin; 
facture of glass bottles eee: 


- he largest ‘of ed. ib. 1917 for purposes 
for billet ‘heating in connection wi ‘shells. 
war, times the principal consuttiers were glass- e manufacturers aad 
rivet, bolt and nut makers. In post-war times see.a depp 
consumption of billet but, we bone | See a large 
consumption for glass manufacture. large users. of fuel are 
found in the metal-melting: industry, metal from., the low-fusion 
aluminum to the high-fusion oe By melting-points, of, these range 
from 1,000 degrees to 3,000 degr ahr, (approximately. 540: degrees, to 
0 degrees nt.), In the iron, materials 

are us forged to. drop, stamped, and for. this, 
necessary to, heat the metal up to a temperature. ng approximate 2500 
degrees ] ahr. (approximately 1370 degrees Cent.),. This; heat was fo 

btained by means of placing iron bars in a coke furnace of the. type 

5, unti or oil fuel was introdu was rather. a slow 

ace oil fel has an ‘intelligent the aut of of, 
new or conyerted fu st, trebled. 

Another point “notice and which wally, sporals 

ty works manager, is the fact that when utilizing ol fuel t gd of 

the furnace is reduced by 30 per cent, and the working area occupied by a 
furnace and its adjacent maghines is,only about 50 per cent of that of . 
the coal-fired furnace, as a stack of coal occupies a certain amount, of 
space in front of the furnace, and the” occupy another 


The 'prin- 
luminum and 


In the early years of this century a French engineer lnteotucaa the 
subject of oil‘as an auxiliary. fuel, a combination’ to. which! little ee ke 
had been: paid in the past. The main advantages of auxiliary firi 
remarked, lay’ in being able to. obtain at will aarge increase’ in’ the po power 
of boilers, also*that the cotibustion ‘of the petroleum does not in any way 
prejudicially affect that of coal. In fact, by. the introduction of jets of 
petroleum the condition and of, .combustion;,are improved “by 
more completely mixing the gases, It.is therefore, not, correct to, con- 
sider the evaporative power of coal as identical, when. passing. from 
ordinary to.auxiliary, firing... Admitting this.as .a principle, and. supposing 
the quantity of water evaporated Mr the. coal. to, be constant, the. extra 
due, to the of, gases,. credited to, the 
petrol eum.., 

Several, graporative. tf were, “with coal. only ‘coal § cil, 

ring, on Navy ther following, 
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cipal ‘metals which: have been melted during the war are 
. what is known as “70/30 brass,” alumimum being principally used’ for 
_ aeroplanes and motor car work, 70/30 brass being, printipally used for 
AUXILIARY TO COAL AND GAS. 
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The ‘result was that sof toal were 
a smoldering whieh- traveled slowly. ‘the bars’ 

‘partly’ ‘const eby' casing’ 
coal to bé’burnéd to maintain any rated 
used if’a ‘better-chass coal! ‘were employed: 

_ © When auxiliary fuel oil ‘is applied, the thed they is 
the ¢ quic ted ‘causing the 
to become’ much more incaridescent, thereby ‘tend to aerate the “ie me 
mass, which would then allow sufficient air to be: Tawi. through: to com 
_ plete the combustion of the rest of the coal: 

Sufficient interest was taken inthis for a London 
station to give theit’ sanction for tests to be ad er one o 
coal-fired Stirling” watet-tube boilers, One’ burner ‘was introduced into 
each side of the boilér, “teng oppo about 25 per cent from the back of 
the grate, the ‘burners ‘being i oie another,” The fuel’ oil’ 
stoted in’ an overhead: capable fe of three of four’ supply. 
The oil wt to the’ 


éties of ex rtied 
ona slack ‘of 30; 300) U. and 


fuel’ oil, “having value ‘of 18,780 


per cen 

‘A ‘coal at 208.°% ton “and dil ‘BOs. ‘per Cost’ } 
mentioned Coal and: "fuel ‘olf show 


‘These tests) were: encouraging, ' and should! lave “sétved ‘as ‘basis: for : 
. further experiment, but the’ question was’ not developed itil! ‘about four 
years*ago, ‘Wher power station “éngineérs started: ititerest in 
the sabject. Their theory was that’ a poorer class 
conjunction’ with oi! fwel than could’ be buried’ ‘satisfactorily by itself 
under the boilers, this to’ the ‘fact that the poor class coal 
tended to cake'on thé links of the chain grate stokérs, thereby tetarding 
the fiecessary quantity of aif being drawn ‘through ‘the bars to’complete 
pe The general discussion on “ The Examination of Materials! by X-Rays”. 
by a joint méeting of the Faraday the: ‘Roentgen: Society, held 
| the-rooms ofthe! ‘Royal: Society: re clearly brought out’the ‘great 
possibilities. as:'welb:as ‘the’ limitations! and; difficulties! of: this: promising 


method of testing materials, ‘which, ‘excites’ far. wider, ifitdrest, ight 
cr 


be supposed the sporadic notes and papers so far.published.. 
is due to Sir Robert Hadfield, Bart., F.R.S., for the initiation of this 
ipenssion re pieht he presided, as president of the Fa y Society, 
ing by Batten , the the “The meet- 
as. ‘Open at 5 p.m., aiter. inner interva 8:30, 
‘disperse. fiear 11 o'clock. That i is n 
Far. lay ociety.” it was, the remarkably good collection of exhibits 
by scientists and.firms .did: not, receiye. the attention, it deserved, because 
the instructive, cha: the, discussion kept within the lecture 
hall, several speakers. were. restricted. by, official ties..; Withia very 
ide, Sir Robert Hadfield, dwelt. the, fact. this, the 
general discussion arranged, ly;,all 
as and. crowded; as, on -last. te the 
first time enjoyed the hospitali of the, Roya This:is, a remark: 
able, record, fora comparati young society of a; little, -than 300 
members. As Sir Robert has occupied the chair during the whole: war 
he has presided over of these meetings, tothe, syecess 
it should be add ibuted in| manifold. ways... Mr, 
Spiers, B-Sc., to. valuable services Sir Robert;expressed the 
-been., secretary... since ; the foundation ‘of.,.the 
which are. at 


Victoria street,Westminster,, 
“In his remarks § Sic Robert. Hadfield said, that, when sug- 


gesting a general discussion on Radiometallography, he had been. quite 
that an examination. for, flaws. if, used cause 
ad, certainly not wished 
to cast any doubt on the wonderf of the last. decades in 
metallurgical production. His own firm, he m a state, had been turning 


manufacturers great, trouble and 


out 8,000 9.2-inch high explosive shells weekly, at, one. time during. the 
war—other firms had d e similar big thi yond in, spite .of, all. the 
essure and hurry there had.not been a single instance of their products 
: ies through defects; that applied also ae some 6,000 guns and tubes for 
technologists had to study every, new means of ensuring 
materials.. So far X-ray, examination, seemed limited) to thin, sec- 
tions of metal, though some. experimenters had dealt, in this country, with 
{.4inch and_eyen,of 9-inch thickness., Sir Robert had himself 
imitted to Pro fessor Bragg a large number.of purest, specimens obtain- 
cape in the hope that the X-ray study would clear up the, differences in the 
sical properties, of the metals,.of the iron, groups, and the magnetic and 
er peculiarities critical points, and of. tropic, modifications,.. Those 
specimens included ¢ iron,, various. of, steel, over- 
heated, cast; .etc., several: alloys, and, manganese metal, cobalt, 
tungsten, molybdenum jin: various conditions. Proceeding to a review 
the literature on the which, he summarized. i 
bibliography ‘at the end of his paper, Sir Robert drew. attention to. My 
examination. of, steel by H. Rawdon, of Washington—we 
a Note on this subject. in, our, issue, of, last -week—to. the, equipment 
t. X-fay examination which the firm of; Henri Pilon. had. adh t 
essrs. Schneider and other firms; and to.two recent German publicat 
on the subject, which Sir Robert had had translated on account of their 
generally instructive and practical character. Professor Porter subse- 
quently gave an abstract, of thesé papers, copies of which weére'distributed. 
Sir Robert Hadfeld's own contributions to the will 
be mentioned: |: to th nec let9 
his address, /Professor, W.) (Beige, of 
College; London, stated that it'was-ore of 'the chief purposes of 
the conference to display. the possibilities: of’ X-ray -methods: to’ those iwho 


4 
> 
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amount o 
"even rays. ftom’ 'tungster 
tals “which? stand th 


gases.’ 


had’ he ‘stib- 
more’ ‘or Jess.’ The shortest, est ray: 
potentials, the ‘penetrating might: alone prove 
ful in! engineeriig, ‘T he transparency ‘material to’ X-rays decreased 
as the! atomic ‘Weight’ increased. ‘had no influence | hot casting 
the same’ radiograph’ as cold te But owing to that high pene- 
ating power ‘the ‘rays could neither be focussed ‘nor deflected ‘by npr 
or prisms; “The pénetration depended ‘merely’ on ‘the atomic weight an 
the thicknessof the material,” Professor Bragg’ exemplified this by a 
géléction of ful’ radiographs.‘ The positive of a watch’ 
showed’ all the parts, wheels, springs, etc: ;'in'a cherry blossom’ the deli 
nerves’ of the ‘petals wete quite distinct; a’ tadpole which had ‘swallowed “a 
worn = signe than’ the ‘which ow tke 
6 er ‘atomic weight; electric 
pth ‘the porcelain ‘and ‘the ‘star-shaped iron support all cast their shadows. 
In some photographs of good and faulty castings and’ welds the tool marks 
wee how minute the differencés in’ thickriess 
‘indicated: ‘the’ truly" ‘remarkable 


<A on two cottsidera- 
rent’ thicknesses, the''ratio of 

in’ the ‘extra 

he absolute ‘thickness.’ lf 


‘Wace 
‘in the’ two, beams, ‘both be thei 
ratio would’ femain ‘the sartte. ‘Secondty; we ‘iad to’ consider the way 
ich the ‘photogtaphie ‘was wad formed. The blackening’ of the 
dué to two''rays of unequal int with intensity ‘of 
The the he plate iminished ‘as’ the’ in- 
“but Spatency in‘two’ ‘spots, the“ 

io of of ‘the ‘two’ ray-intensities.-° Supp 
and that’ in’ the’ cas: 


| 
had? iio! ‘occas “make X-tays’ themselves. 
‘ordinary light gave “as | information’ the’ o le 
passed right througli ‘a ‘body’ aid ‘revealed its 
Fe 
dis 
ot take much power: ‘The'rays emitted from the target diréctions 
three effects';'# 
cent 'screetis, and they 
Jaboratory, the’ second int 
“The' explanation '6f that sensitiver 
tions. "When two X-ray begms of 
two ‘slabs ‘of ‘the ‘same material of 
transmitted °ifitehsitiés ’ depended 'o 
of ‘thé? one’ slab, but’ not 
ve imagined‘ two beams to’ strike | 
first‘through’stéel; ‘the’ other striking the plate’ directly; the’ intensity ratio 
f the transmitted beams, T, : Tz, was''d dent upon’ the ‘absorbing j 
q 


Derio, to, reduce the transparency tah and when 


two, 
circums: 


(23905 
question 2, 
oF, penetrating thro 
‘then ‘hey penetrated 
action on the 
trons, wh 


rays 


actio 
gen 


tion ways: 


between actual value. of material ner 
test; this did not appear practi rage, fall nally. iy 
a. the ¢xamination of crystal. by. Xerays,, on, which. +h 
done, and which, has practical. interest to, metal 


luence 


Of 
t in. a.cas 
i 


one. by 


laboratories .of the. 
Ber 1-Exlangen, 


and was ad 


wou. Q Suigl 
P wid bard or soft 
crea thy ‘liberation .of 
elect ding atoms ‘until 
ere. set in, motion 
MLO, emulsion, 
the film, so that the 
he. photographic plat 
waverlengths,: studi 
ave-length increased the a given, substance also increased ; 
certain yalue, critical tor each substance, the absorption suddenly 
to tise again, stea 
in the photograp th 
wave-length. for: s 
short wave-length, would reen, 
say. of antimony or some That 
_ antimony line.” was:so.s 
S,,ochneider, Le Creusot.”’ 
then read in ke: 
Coolidge,.tube 
steels, containi gs 
of.compound gun Carriage was 
revealed. by id. repetition. of. such 
flaws... The st 
ness; but, that. a 
constituent of, hig 


anil: tee 


Borter. mentioned, was 
before the Coolidge: bul 


not placed within the cylinder, urthe® away from the target, in a 
lateral branch of the bulb, and therg are th circuits—the heating ep 
(potential difference 15. volts, e¢.g.)§ the ion circuit (2,000 volts), and 
the discharge circuit (up. to 200, . § The electrons emitted by the 
hot cathode first travel slowly; enferin 


peculiar, little noticeable, p orescent: { 

feld has studied these us 

likely than others to be tee 

temperatures. Whether these ad 

feld tubes are much used, Profe 

gas bulbs become too ha: : 

-the gas (air) molecules and remove them from the oa some air is 
admitted into the bulb from a pocket. This ;can be done automatically 
by the aid of’ a*milliamperemetersatting as’a selay. In any case, the dis- 
charge and hardness are regulated. with the aid of an.electrometer ( (called 
also penetrometer in this connection) | ‘and-a milliamperemeter: 

Light radiation‘ passing through su e will partly, reflected ; part 
is absorbed, part scattered and part transmitted! “The absorption of X-rays 
increases. proportionally t& the. weight .in accordance with 
J =Joe—d,-where-J is the intensity of the absorbed radiation, J. that oi 
the incident radiation, ¢ is the logarithmic base, \ the coefficient of absorp- 
tion, and d the thickness of the r, is 


unfamiliar »with, Rontgen-ray,; bulbs,.i weshad better :adopt.2 | 
general tone; in, ous, notice, left 
tube). positive. ions st 
cathode idrive out secedicieeenote which, in their tara, hitting 
the tatget, give rise to the emission’ of X-rays, from: the — 
target:', For the. examination of materials wei want hard,: uniform rays, 
When we depend, upon. the 
however, there, will, be! soft. as : 
change during working, : 
inte.use }.in these the vacuum is pu 
few gas molecules Jeit that, m stream troas 
required for the causation of the X-rays is obtained by heatingto inean- . 
descence a Wehnelt cathode or a thin wire of tungsten (the spiral or 
: filament) by a special current; this spiral is surrounded by the cathode 
proper (the negative pole) of the discharge circuit in the bulb. In the : 
nch of the secondary - 
eggor J. E. Lilienfeld, of 
in 1019 year 
dfical and. opposite the 
farget as in the LOUIdge is of large size; it is 
accelerated before they reach the r@al discharge zone between the cathode : 
and the target. The arrahgement is said to suppress soft rays from the 
outset, and the Lilienfeld’ bulb differs: from. the Coolidge bulb as to the 
4 essed ers..(or,,tra meter), ofa - 
A. m. of equal stopping power. The following table sum-— 
Marizes aed ni. weights. A.W, densities and half values of few 
Jn order secure.sharply-define Fadiograpbs rhs. t the 
specimen. should, be normal to the. plate, As a matter-0 
the -bundle .of rays, it, conigal,.and: the scattering, still, mors, 
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definition.’ The scattering’ takes place in’ alldirections within ‘the “epect- 
tien and is) not co ‘tothe! specimen? of ‘but! the whole ‘wir 
space, and objects in the room help to'svatter ; ‘rays also ‘fall apon ‘the plate 
anid table'by the’ side ’of the spetimen, and enter the ‘plate"from the sides 
afid ftom’ below.’ In order to the bundle df 48 
confined: within’a ‘tube lead;'and sheets of lead dre applied to'all the 
parts of plate which might be‘excited by stray radiati The diagram 
annexed’ (from the paper: by’ Janusand Reppehien) ‘Mustrates the action 
in the case’ of The ‘rays ‘passthrough a diaphragm ‘in 
the: bulb ‘casing’ of lead; ‘down’ the: upper ‘lead tube, througt: the’ specimen, 
down the lower tube! and ienterthe plate, first passing thtoagh’ the intensi- 
fying “screen ‘which ‘is’ interposed: betweeix'the plate “and ‘the top: of ‘the 
gatt 
Wiest? off Te toto 


bar dled 4 


li 
ftom’ ‘below’ is n 


a 


| 
thick if' lead sheets, up to 10 ‘mtn. ‘thick, ‘cannot conveniently 
be used, ‘cast employed, ‘ot tead-shot' be piled on the pa 
For the ‘protection’ of the operator the ‘bulb “is placed “within ‘a ‘brick 
Chamber which is ‘a window 6f ‘oné or’ several ‘layers of ‘lead 
glass Switches are motinted on ‘the outside of the ‘wall ; further informa- 
on ‘on thesé points was’ given in ‘the paper by M. Pichon. 
photographic films must be, thick and rich in silver; 'a'slow devel 
oper (glycdcoll) has' to be ‘used; rapid’ deyeloper would fog the sur- 
face. The’ exposure. miay ‘have to pe be much : 
_ the aid’of intensifier screens’ (é.g., of calcium ‘tiitigstate); ‘which re placed 
I 
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Over ‘the plate!’ 
one2sixth ‘and’ even’ “nich”! 
however, and easily stained ; 
tals onthe radiographs and’ ‘to 
ition; the ‘poitit was not? thie’ Wie a 
of ‘about 80" mm: ‘between’ cathode ‘and’ targ 
about 40m: below" the ‘foctis’ 6f the’ bulb: the't jihation’o 
the‘ films aré"placed inside the’ ‘specimen. Blowholes ‘tonie’ 
han’ ‘tracks } ‘unless ‘parallel to the’ ‘rays “etacks ‘are *ha 
Grays, Faults feat the upper surface appéar ‘more’ dis 
‘down. The ‘position can’ be fixed’ ih variou 
‘not ‘always’ applicable,’ however,’ ig' to’ take ‘two 
‘plate, shiftiri ‘the’ plate laterally ‘for’ the “second 
éxposure. Di must, df ‘course, be 
kept’ perfectly dition easily ‘realized in works.” ‘In ferro- 
conérete ahy deformation oft iron ‘bars’ ‘easily ‘be’ ‘de- 
. The clear iron ‘sharp the fusty iron thicker, more 
slab,‘ 20’ sed ‘to. thie ‘rays for ‘five ‘minutes.’ ‘X-ray 
testing of the’ 6 of ent,'and? nical ‘chariges 
going, on in cements, have’so’ far’ fail led. 
Av seties of” tions researches carried “out tre 
Mr. “Main, "and Mr. J.’ Brooksbank’ 
adfield Research Laboratory: Sheffield, were ‘then’ resented, “We 
to°reprodtce’ some''of the photographs next week. The first’ on “ Testi 
theAbsorption Power of Different’ ‘Steels Under dealt 
some ‘of’ the early experiments. Discs, 1‘ inch ‘in’ diameter, | 
second’ of an ‘inch thick,’ were placed either ona, barium-platinotyan 
screen or on a photographic plate. ‘The specimens were a very pure iron 


(0.03 C;'-0.01' Si); density 7.78; ‘forged ; steel with 1:19 C, 0.07 Si and 
2.45 A density 7:37. and: an ‘alloy steel (0:55 C, Cr, 20.4 'W), ‘density 
‘permeability decreased as' the density increased, ‘but ‘the differ- 
ences were not sufficiently marked when the fluorescent screen was used, and 

aa le addition of an intensifier proved ‘advisable’ in ‘the case of the plate. 
ilar discs, ‘all of the very pute wefe then p incteasing iti 


in steps ‘of 1/64° from: 1/32 inch; up to’ 3/16 ‘inch’; a’ piéce of 
thin, irregularly bent iton witewas placed’ each disc to help 
out’ contrasts ; some other steels were Satta the ‘same time. ‘The thicke: 


on destructive” character, ‘would’ be ‘lost. ‘might ’ be 
applied ‘to routine éxamination ‘of castings and forgings in’ ‘course of 
ir manufacture, and also to the materials, used.” Defects ‘such as pipe 
reproduce themselves’ under similar conditions of manufacture; but man 
defects ‘in steel were'of castial nature: ‘Such tontine work would 
facilitated the’ necessity fi otogtaphing ‘could’ ‘be avoided, 
fluorescent screens ‘could’ be’ a or’ inspection, work ‘in a 
Sc¥éen method ‘would be pretérable: At' present this did’ not‘a 
ible, and ‘the’ the weéte too costly’ and’ “A ‘point’ tc 


borne in mind’ was: the® X-ray ¢xam 
‘defects to be ‘for,’ had* ible the 


: 
bnd ‘paper “X-Ray ‘Examination ‘as Applied to ‘the ut 
was of getieral “kind: © Steel up i 
it was pointed out, were said’ to have’ ‘been ‘successfully exam- 


of,, amorphous 

ie 
,electr 


n petroleum 
he paper; contains particulars as to diameter, Pantene 
t 4 per. cent, 15.8, per cent) in. one..case), actual and. 
ing from. 1.8 to 1,47 to. 1.65), and porosity. 3.5, per. 
per. cent),..of eight samples from. different. firms, Sections, 1. inch. in 
thickness, were examined 4, -H,..W... Cox and: a. Coolidge 
spark. gap, 20 ,anede to plate, 
‘anid exposures of 1 minute, whi might,/haye. been 
re afterwards, pr negatives, in., the. 
the, negatives. the paper...;In one. set of experiments. small 
boxes of the, materials retort, -and..anthracite, were 
diographed together with the. respective électrodes; those 
sforded little further, information, probably because the baking alter 
raw, materials too much... The imformation gained as to the structure 
was considered valuable, though the interpretation. of the radiographs did 
not appear to be easy, A coarse structure. was not, found detrimental to 
ood. behayior, i.e, freedom from fracture; the specimen richest in ashes 
point. to, which. attention: drawn. in. the paper; .we. should say} 


¢ was. also. very coarse, and t electrode of f Bett ain prov, 
ily, of average quality... A systematic. investigation, ts 
lectrodes., of variou 


proved the best. electrode; it was of.ayery coarse structure, but the wor 


might, explain. the arance; in, the radi 


ture ‘in ‘one. of them aps 
‘The fourth paper dficla Research Laboratory was on.“ A 
ice this paper tog: Similar, na 
Jenkin. stated that he had been persuaded to, try 
be possible to; hair. cracks. ba given 
side trou in, the crank-sha 0, eng’ ig) seem 
to be little likelihood: of success... The Pines, 
experts .who were pushing the process. The samples. were, 
crank-shafts . wi large relatively flaws; but. no . trace .o 
defects was shown by, the X-rays, . ‘sample, about, 2 cm. thick, was 
cracked right through. the ‘or. length: of, 6.cm.; but, the 
graph gave no indication of the crack. . If such were 
able ane the, method, (was, obviously, 
rgumen $ concern explanation .of 
fferences in the sheet thickness by Means of, 


the other hand, the, method. gave us information| about the. atomic and | 
The paper, on," The, Radiographic Examination of, Carbon Elec; 
trodes. sed in Electr: urnaces,” referred to. the troub 
the, fracture.of the. electrode: 

steel... The up.,fo 20 inches. d 

carbon or of graphite; the former, whi 


lian liances used at are. su by Messrs. Pilon, and. fur. 

ormation apparatus use Was. given jin.a,paper. on 

y Mr. Hector Pilon and Mr. Geoffrey, Pearce, oi 
Messrs. s.. Watson, and Sons, Sunic..House, Kingsway.,, The paper was read 
in. thicknesses, up to. 55 with greater. thickness the expo- 


energy, input, same potential and 
rat same fe bl blocs of ofa metal requiring an exposure 
30, seconds for. a. thickness o millimeters, would. require. 250, 2,000, 
, 4,800, 6,500 seconds for thicknesses of, 25,40, 45, 50, 55: millimeters ; 
a millimeters. made..a great, difference... In metal examination 
te ree of more than,100,000 volts, were, frequently employed, and. for 
present further perfection of the apparatus. and. photographic 
£ problem... For .high penetration induction coils 
at 150,000 volts.with a, spark gap of 30.centimeters 
to £9: be the Most, suitable under 120,000, volts, 4 milliamperes. were 
he mercury-jet interrupters were; better. worked: with hydro- 
gen with coal gas, especially. for heavy currents.. Where high genera- 
tion. was not essential, transformer and. rotating rectifier-discs, the latter 
for 106,000 volts were: used; in other. cases either, two. valve ybat: or one 
kenotron were recommended... 
_As regards the photographic. side, reinforcement of, the. effect. and 
nation of ail superfluous. rays: had chiefly to be studied:. With 
one intehsifying the. degree. of intensification could be raised 15 
times ; by, ola g the Photographic film. between. two,; screens, they had 
determined. differences. im millimeter through 45 milli- 
meses at Este! Another advantage secured, by. these, means. was. that the, 
stals in. the r—a feature we mentioned, last. week— 
on: the plate; the uneven. nature. of: the crystals. created 
uniform field, fim results, had been obtained with; films. sensitiz 
on. bth side had the distinct advantage over the: plate that it 


1, is a teproduction’ of a radiograph of the entire cplinder 
of an aeroplane motor, which. was, obtained by, placing four films inside 
linder ; the is. a. positive andthe dark parts indicate greater w 
d.also be mounted. in, the follo wing way ;..A. base 
formed he polished or silvered metal.;. on. this: surface. the ren 
placed, the phosphorescent metal,on the top so.as to 
in comlat with the m itself on..it;,on the film the second screen 
specimen, was.placed. In order to 
out, stray the all surroanded with lead, 5 
millimeters in thickness. When the specimen was. irregular. in shape, very. 
fine lead shot was used, which also covered the photographic plate to a 
depth of at least 15 millimeters or twenty millimeters, This shot should. 
of course, not be ‘allowed to get between the specimen and the plate, and 
to prevent that, the specimen was embedded in transparent wax, (or 
plasticine), the wax being trimmed off so that the. object. rested properly 
on the plate, on.which the lead shot could then be piled ; the photographic 
plate itself was placed over a sheet of lead. Mr. Pearce "exhibited a radio- 
graph ofa jagged piece of ore-bearing rock obtained in this way, an appli- 
cation, of X-rays which deserves attention. That the observation of-t e 
iin repaid itself was evidenced by the radiograph. of the base Bt a 
illimeter shell’; this base looked quite but in’ th the 
t néar the. center, 
tést had not revealed. 
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Pearce then lained., with, the.,aid, of slides the arrangements 
ted fa for the protection 0 the operator. In Messrs. Schneider’s works 
arfleur (near Le Stood ‘in a Cabin, the‘ wails 
which ‘were ‘lined “with 5 ‘millimeters lead, safe ' from the’ radiati 
which would spread through’ the whole room; but ablé 'to* watch’ the’ 
through ‘10 ‘millimeters of anti-X+ray ‘glass or with the aid of sal 
laterat windows arid niirrors: When working at more than 80,000 volts, 
lead shutter was pulled down: in: front ‘of the window, ‘or ‘the ‘bulb ‘was 
placed within a lead-lined box, a mirror being in used for watching 
the’ operations ;' this was the’ arrangement made for the examination ‘of 
carbon electrodes ‘and brushes by the Cotripagnie de de’ Nanterre: 
We reproduce some ‘of the other ihteresting’ stides' shown by Mr. Pearce. 
Though neither the. ‘atomic of tron’ (56.8) and nickel (58.7); nor 
the ‘densities ‘(iron ‘7.88,’ nick much, ‘Fig: str 
differences: in’ the shadow depth’ of ‘this. ‘radiograph : ‘the ‘specimen 
red by embedding a nickel'core in and planing ‘the two ‘metals 
down to the samé thickness. ‘In'an aluminum gear case @ de’ 
stopped’ by aid of solder; the flaw came out’ as a ‘dark Spot,” 
the two halves of the’ bearing of an aeroplane motor, ‘consis 
lined with white metal, the latter being’ held ‘in ‘position ‘by 
in the stéel; these holes ‘ate ‘round; but appear elliptical and rather ' hag te 
in the one diagram becaus not Fong radiation’ Was tiot normal to ‘the ‘surface. 
The feature to which Mr. Pearce ‘drew attention is; however, the : 
of this diagram; the streaks were not due to any want of sutface fit 
but to a faulty ‘composition: of the “white ‘metal: “The ‘carburettor ‘of’ an 
aeroplane ‘motor, showtt’ in Fig.'4, was defective in ation. ‘Weare’ not 
sure ‘that we can trace’ the defect inthe ééd canal ‘which the 
was'said’ to réveal} but the en ‘with an ‘exposti 
y 2 seconds and’ with’ the carburetto the large’ distance of 12 
from the’ target (in order’ to avoid di on )'“is ‘certainly’a 
remarkable exemplification ‘of the possibilities of stereoscopic radiography: 
Mr. Pearce mentioned’ that ‘théy’ had ‘taken ‘radiographs’ of the’ intertrial 
. parts of an explosive body, 25 centimeters in diameter, made’ of steel, 
millimeters thick, and had often been called’ upon to’ examine shells, Fuses: 
and torpedoes, by means of X-rays, The radiograph eg the current . 
tributor of the ‘magneto’ ofan deroplane motor, Fig. 5, is again rema: 
able thotigh' we are afraid’ ‘that our readers ‘will not ‘able to distingaish 
the’ seginents” of the commutator; ‘visible on’ ‘nor ‘the’ exact 
nature: of ‘the defective ‘contact® ‘rick was’ located” by the’ X-rays, and 
which is’ marked by an'arrow’ i in ON 
‘Oni ‘behalf of Major’J.' Hall- FR. ‘Thomas 
Turner; of Birmingham,’ then exhibited” some striking radiographs 
aluminum’ castitigs, ‘mentioning that experiments’ on’ and other ‘alloys 
were being proceeded with.” hope somie’ of these ‘tadio- 


What X-rays do in the examination of air-craft wh 
the choice of unsuitable material, oversight, carelessness or the cone 
ment of apparently slight mistakes ‘may lead to obscure and fatal Bisse 
was very forcibly demonstrated ‘in a paper by Captain | R. Kn 

of the Rontgén’ Society), and Maj G. W. C 

D.Sc. on, “ The of 


: Department decided to utilize X-rays for timber inspection, ‘The equip- = 
| ment of the Cancer Hospital was used, and the results were very en¢our- : 


aging. :iQwing.to the severe. pressure | the method: had, not yet reached, the 
of commercial application. at! the time of, the armistice, but, the .re- 
maining: ‘problems, were. chiefly: of, equipment, portability. .and:., similar 
matters, Expressi great. indebtedness to. Lieutenant, Hudson- 
Davies and also to G.:F. Westlake,.Dr. Kaye explained. that; they 
from the outset the need of visual examination, hy 
fluorescent screens; reserving photography for, recording.cases which the 
reen, had. shown. to be; of, interest. As. all;.woods..were transparent. to 
-tay3,: soit.tubes, and. spark gaps of.1 inch or.2 inches..were ‘sufficient ; 
output: of..soft, tubes, being. small, and fluorescent screens requiring 
excitation by. rather.-hard. rays, however, .rays.as hard as feasible, trans- 
— and Coolidge tubes for 15 milliamperes. were used in this testing. 
xaminations| were made both of. the, material, in the rough: condition 
the. assembled parts. . In, aeronautical, timber the chief defects. to 
looked: for. were spiral grain (in spruce, and its substitutes), hidden 
knots, resin pockets, compression: shakes, incipient grub.holes, and 
very. light woods... As. regards: differences, in density,- due to, knots, resin; 
grub . » -no difficulty, was, experienced; the other defects were 
more difficult to. detect in thick. specimens. ‘The, rays chiefly. brought out 
the: differences, in density, between the light. spring..wood and the denser 
— rowth, i.¢,,; the annual rings; practically that. knowledge was 
only. in marking localized hard: grain; which .was.,objectionable for 

In a,xadiograph of silver. spruce, taken. tangentially to 
the rings, the.grain-effect: repe-like, the. curious criss-cross effect being 
due to the presence of.“ figure ” caused by,'the elongated depression on the 
annual, rings om year to -year. -;Other.,radiographs exhibited 
exemplified the, slant -of|;the fiber. and, the _glue-joints.,,,On, the, whole, 
however, the did not. tell the: tne much more as to; the timber 
and. semi-finished’ parts: than he could ‘discover, by visual inspection; but 
experts, were fare, and, semi-skilled. inspection would, be by. ‘the 


"Passing: to the. examination. of finished and assembled | parts, Dr. Kaye 
remarked that. the method was particularly, useful-for the. ee of. parts, 
not made of. solid wood, but constructed on the laminated or.box ‘principle, 
That construction had become: necessary. when. the supply -of high-grade 
timber, had, been endangered, smaller timber could be. utilized, but .the 
difficalties of. inspection, were’ much. increased... ; With: that. construction 
defects could be. concealed, and. unscrupulous and careless workmen: w 
aware, of -the fact... Notices had. been: displayed. in aircraft factories; 
concealed mistake ,may:cost a, brave )man ‘his, life,”.; In. spite of grave 
difficulties of labor and material, British aeroplanes were. superior both in 
ity: and ‘mumbers to those of any’ other nation... But there: was a.ten- 
bps to hide mistakes, the. grave nature,.of. which was..underrated, and 
the’ vigilance. of the inspectors had prevented many accidents, In. most,of 
the: important. parts, main-plane. wing spars. (from end to.end of each 
wing); compression struts (between the two. or of a wing), interplane 
struts; .and longerons, cross+struts, and. engine: bearers. (making. up: the 
fuselage),. the: composite: .construction..was _permissible... But the strut or 
with fabric,-veneer..or ply: wood, and visual 
few of the. exhibited. Fig. 
shows: the iend.of .a hollow. box-strut; internal. strengthening: b 
was: badly.fitted, each of the screws: shad ‘split. the wood, and the work was 
altogether .discreditable and insecure..| Poer workmanship: is, also manifest 
in the cutting, of the internal strengthening block of the hollow 
wing sparsof Fig. The side, view, of spar 
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r'to consist of” halves glued°together® down ‘the ‘cefiter’ ‘after ‘the 
dled out; the two halves’ of the block should register 
accurately ‘and. 'the sides should be eqtially' thick? "In redticing‘! 
spar to finish: workmen’ were; ‘however; apt; Kaye 
plained, 'to plane away more wood” ‘on’ one side than: on ‘the other, thas 
some ‘other photographs (not the’ af 
vealed ‘that’ the ‘halves, which should consist’ of the sanie’wood, ‘had’: 
made’ of different materials: ‘The laminated spat,’ shown infront’ ands 
view in Fig. 8,:was made up of ‘three lamine glued! together’; the’ 
appearance was excellent; but the X-rays ‘disclosed large’ and a grub= 
holée*in the’ middle: layer. which ‘would have weakened the spar to’: ‘dan- 
gerous degree. Fig. 9 exemplifies another ‘kind: ‘of reckless work; “The 
wooden ‘skid (top of photograph ‘had ‘been cut ‘off! too short to-fit into its 
ket; to ‘make up the length ’a piece of ‘packing’ B had“been introduced 
to the space below.» In ‘a ‘witig ‘skid like’ the one shown’ this would not 
a vital matter, but the ‘same practice had*been-resorted tovin interplane 
skid socket, Dr. Kaye added)’ was ‘aluminum, in. “thick, and 
Py radiograph was taken with a current of 10 ftiitliesperds and a spark 
gap'of 8'‘inches. A similar case was more serious!’ The internal compres- 
sion strut did not enter its ‘steel socket (1/20 inch thick) propertly and tiad 
left an empty space; externally nothing indicated a defect, ‘but ‘the ‘effect 
of the bad fitting would be that: under vibration the strut would: gradua 
work its way into the bottom of the Socket, arid the straining ‘wires: woul 
slack. Other radiographs’ ‘illustrate a°¢ommon defect!’ When the 
oles ‘for bolts, «crossing ‘parts to°be ‘assembled-in various directions, are 
not carefully bored; two bolts ‘may foul’ one another ; the detéction: ofone 
such fault’ led to the: ‘fejection ‘of dozens of completely finished main-wir 
planes: ‘The defective riveting atid Solderitig of the ‘end’ of ‘a'steel ‘pet: 
tarik of ‘an aeroplane’ (Fig. 10) might ‘have ‘attracted notice; but’ 
cases, which Major Kaye illustrated, rivets of a tank which had heads’ on 
the - outside’ ‘only (none inside), and’ cracks’ in’ split longérons, clevérly 
hidden’ by’ gluing. a ‘shaving ‘over: the sand-papered’ surface,’ would have 
éscaped ‘notice’ without ‘the ‘X-rays.’ The latter have’ also: been ‘of ‘great 
assistance ‘in ‘tracing the causes’ of ‘accidents: 
conchading’ our notice of the general : “The: 
tion of Materials’ by’ held by the Faraday Society and Rént- 
Society on  Aprit we’ pass to contributions affecting the photo> 
aphic ‘of ‘X-ray examination,’ and we 'mehtiot ‘in the ‘first “in- 
Stance the comimunication on “A ‘Method of. Testitig an X-Ray Tube° for 
Definition,” fron’ ‘the “Hadfield Research “Laboratory ‘in ‘Sheffield, pre- 
by: Mr. J: Brooksbank, Phe focalspot,’ Mr: Brooks: 
pointed ‘out, ig never’ a poitt, ‘but: occupies a certain area, ‘dnd >the 
shadow ‘can hetice not be very sharply’ defined.’ >In’ metal’ work thevselecs 
tion’ tube of ‘very fine focus would’ be°of little ‘ase; since the ‘effects of 
secondary radiation would’ ‘mask ‘the “extreme sharpness’ of ‘the? shadow 
produced in the radiograph. Moreover, the life of a target’ was generally 
longer with larger ‘focal ' spots. Definition ‘must? also ‘be? taken | into” ac- 
count, and Mr. Brooksbank described how this’ could tbe effected)’ The 
size of the focal ‘spot could sometimes ‘be ascertained by visual inspection ; 
but with hot cathode tubes cone was almost impossibles:’The size ‘of the 
pitted area of ‘the target fot the jtidicated the ‘size of the spot.” oe 
had ‘obtained a radiograph of the of the ‘spot by the’ pin-ole method.? “Ani 
of the definition could be obtained by taking a radiograph of a wire aoa 
of fine ‘mesh* to the distance of about 50 centimeters:from 
the spot of the wites were’ irregular, however)’ ‘with 
elliptical shadows ‘be distinct in one’ direction; but 
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angles to that direction. Moreover, sometimes reversal 


mounted parallel to one another in the same horizontal plane and to the 
plate; the distance between plate and focal spot was kept at 50 centimeters, 
and the wires were, in taking a series of radiographs, moved further arid 
further away from the plate. As this distance nage site the shadows 


become less distinct until, in the “ critical ” »po ires could not 
be seen on the radiograph? tat listanc as a measure 
of the definition-of; the tube: 

In his research Mr. Brooksbank studied the ‘thadoys given by one wire — 
or by two wires--with- -sources- of X-rays, line sourcés.and circular 
sources, and determined the?intensity of the radiations-produced when the 
distance of the:-plate- each wire received | 
illumination both normally and from the right: ‘and left would be the 
case with_any -source--of -light -of.some.-afea; not point) the 
shadows were diffused, and the beet between the most intense shadows 
changed with the-position.of-the Comparative tests were made 
with a Nernst! lamp-and pins. @ circular. sourcé the. critical 
position was difficult to-decide-than-with a-line source ; yet the posi- 
tion could be determined withm 2: centimeters or 8 centimeters; from 
these measurements. the. area -of the focal be: deduced. For 
practical tests Mr. Brooksbank proposd. to by-trial. the critical posi- 
tion; he would ofthe wires ‘from the plate 
slightly, and take apt ogres ih if the two shadows weré separated by a 
strip of greater-intensity.than.the-shadows,-the.tube-satisfied the require- 
ments, Exposures. of a’ few seconds would ‘suffice ; ‘the definition would 
- come out worst when the wires weré at right angles to the line joining 
the target and cathode of the tube, and the examination might hence be 
made with the wires in that position. 

Major C. E. Phillips: they put this method 
to practical useinethe) X-Ray he apparatus 
exhibited could hardly be cer cena There is a platé car into which 
the plate is pushed from thé, sidé; the plate.is covered’ by a screen which 
is provided with circular window. . A ring ‘frame attached to a stand 
holds the two wires, really fine.ne 0.2- millimeters ; with the 
aid of a kind ofa didigg cam the is fined of positions, 
at 15 centimeters, 10 centimet or 5 above the. window. 
Radiographs are- in. these. the: wire: shadows will 
come out more! or sigue! Series ree, adiog hs were exhibited 
to exemplify how. the. apparatus .is..usedfor.. thé definition; — 
with gas tubes; Major Phillips the wires he were not 

all 


pe 


visible: at 


raphs. The fi lates to X-Rays,” 
The Photograph F.1.C., of the 


Alford Research | Laboratory, was presented by Mr. Renwick, who gave a 
brief account of researches, extending over several years, on and 
dry gelatin plates. When the mixed X-rays acted on a plate, he said, 
the relation between the amount of silver reduced by subsequent develop- 
Lind of A, Fig the slvr depois photometric by 
kind of A, Fig. 11; the silver deposits being measured phot 
logarithm of the time of exposure = a 
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cdesthiig radiation. Such X-ray curves had a more pronounced foot 
(curved lower portion) than in ordinary shbknaraphy : densities, more- 
over, were in this foot not proportional to the exposure,.as was the case — 
with light in the period of under-exposure. A satisfactory formula, inde- 
pendent of time eness of a plate 
to X-rays, suchias Waster and: effect, had not 
yet been evolved ;* plates, relying on- straight line por- 

: the fopt) were ras eg as ring little rela- 
tion to practice; whilst $ numbers depending | entirely upon the foot 
would possess a \ Those points were not alas heeded, how- 
ever. hen the rays firs pasted, through some material before reaching 
the plate, sel fonger waves took ‘place, and the 
thicker the specimen, | the the wave-length ; there 


was, moreover, Scattering ‘tran into charac- 
radiation. the mass of of sve reduced with 


for 
B, Fig. 11, 
ir thik s ha fad been pene- 
trated the curve-became-i 4 Kkness; to reach 
that shape early, however, '1.c. tmoderate rate thie, very short waves had 
to be adopted for metals. j weigh Much depended upon 
the developer ; curves; exhibited iene |sodium-carbonate 
proved a faster developer | ‘than pyro-soda, se in rapidity was 
not the same on different types of plates: The duration of the develop- 
ment did not affect the charactercof 
The influence of the hardness of the rays was\shewn in Fig. 12 for a. 
series of steps of b) and of steel ( c oe 
hard rays, b and soft.raysa\ Rhevspark gaps) were of 10 inches, 5 
inches, 3 inches, peres, 6 milli- 


marked on the 
_ range of goede steel. / ith aluminum; in 

the case of steel 2 Intensity, ‘should ev. be considered 
to obtain the full, chee eurve; with; the 
foot had been u get good. contrasts 
dense materials both the to hard rays 
should be of with the. lidge tubes (spark 
gap 15 inches), however, and with very lo: osur ; 2 thches of steel 
seemed to be the ,of penetration, and, hem tried to improve 
the sensitive materials, me first to. per i ifying screens. 
Figs. 13 and 14 “effects id tumigstate screens 
were illustrated, yy plate €xposed to in- 
creasing doses of iation ;. Gift ‘plates, various thicknesses 
ef steel were u in} Fig; 14.) Fe ‘sh varied with the 
ratio: sensitivene$s_ta light Sitiv and it would be 
seen that, in Fig. ow to/li 4 , B (fast) fairly 
straight, ‘and the. te. juorescent inten- 
sifier screens not ti poets, | but they also in- 

creased the c al X-ray work 
(and to a lesser deere also with interi¥ifying séreens) the silver deposits 
produced under the thicker parts*of‘a se object represented exposures 
falling within the foot of the curve. The tangent to that curve at any 
point was a measure of the degree of contrast at that point, and it was 
- obviously not possible to secure good contrasts throughout a negative, 
unless the quantities of radiation were all sufficiently great to reach values 
well above those comprised with the shallow part of the foot. Failure to 
comply with this requirement was the chief reason of the difficulty of 
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forts. 
‘stialfow' detects thick’ pidte abel 


were granular and. a 


ordinary silyer bromide dry more sensitive. 

Some plates ,contained fluorescent. substances or materials emitting sec- 
ondary rays under very penetrating X-rays; most. of these substances 
were either i injurious to the silver, bromide, or were: difficult to incorporate 
Mr. Renwick however, success might be 

iev 

Dr. R. E.. ‘Slade, ‘of the British Photographic :! Research Association, 
hardly did himself justice in Paper on “Contrast and Exposure in 
X-Ray Photography Through etals.” Considering: the efficiency of the 
photographic. agiate, he said, that the experiments of Barkla and Martyn 
(1913) were the only ones available showing the relation between feo 


painted out, 
‘silver. . tption; due to 
ue to the bromide, and. larger, ;step,. to the silver. 
and. Dr. showed. that 
It = 0— where. 
sense, of Hurter, and. Drifheld (4890 who a 
of of a material spread. rea, hich was a. 
ical, work done by the light, ty, a 
pore the he of intensity and time),.accordi 
constants. . The two curves, 


and E_for exposures mi nutes and; 16 
were. practically straight lines between, ;, between 
a and b was the region. of under-exposure; between. c and, d th pf 
over-exposure, and at .¢ the exposure. would, on .an 
about 300 times. as, long as that, at b.. i 
‘stance for Aight ; 

was almos' impossi to. print B oyer-exposed. 
‘most graphs were. the under-exposure portion 


Slade iidted the: the stings bev 
consi case w “rays. vi 

designation, of the absorption coefficient by; waye- 

length, is regrettable, ‘but common. practice—hefore’ entering the film, of 

‘varied_ with the wave, th; 
erg x cin 


‘about 
hence doubted the advisability Of using Separate Muorescent screchs in 4 
cases_where fine definition was essential. Though silver: bromide was 
Slade did 
appeared to 
-be little more mathemati ctiONS, .. Were ..in. agreement, ., with 
investigations. Professor Bragg--who had drawn. attention to..Dr. 
i 
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shoul used. for 
shoul hence be exseedinely tad ( of be used examination 
16: or aluminum, 
esw 


1d 2220.68 SIE iw 29259 


ne too dark printing, the top 
OF the “der ‘hence. be ‘ttilized. ince, further, 
‘the ‘absorption great’ for long waves (soft rays), soft would 
give contrasts; we had use’ hard ‘rays to shortén' the, expo- 
sures, afd Dr?'Slade showed that the contrasts were sufhciently great 
with hard rays: Finally Dr. ‘Slade’ referred in to the’ ‘case of 
iron which" [compare the’) curye of Fig. 16 and the table] had very high 
‘absorption’ values‘ for wave-lerigths reater than'0.5 X10 —* thus re- 
long’ Matty, ess different of. 0. ion of 
be Gi ité ptible, specially, ‘wi rays fiation 
‘suitable for ‘raphy ‘through | nti-cathodes “of tungsten 


gaps would ‘be required.’ In ‘the tase of tungsten the K’ 


‘arid ‘wave-length of 0.3 cm. or 0.45 X 10— cm. ‘were. 


ardést’ rays, though’ it? would ‘with’ soft faye. 
s¢emed’ contrary to" ‘ex’ afiation this, Dr.’ 

there was a ole mm. in 1 cm. 


the’ peric “contrast. ‘was" then: ‘very much’ féss distitict. 

'We Go not know' how: far’ these’ ate ‘influenced by ‘fan 

qnéntal “assumption that 'the tograp hic: effect depends’ u th ne 
sity, by, time” of ‘exposure - see 


fot" 


145 
order’ t6° attain the’ greatest’ contrast,” that ‘is,’ the “greatest “density 
difference —D,, where D. marked | ‘at'‘any ‘spot ‘where ‘the 
‘rays ‘had ‘passed ‘wholly ‘through ‘metal; and a spot’ where they, had 
traverséd'' a éxposure’ should be ‘on the’ corréct exposure 
‘vor D: 
‘the’ same wnt volts heme tairiy steady In the € OL 
pho 
oO the 
in 2 
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plays an‘ tively: Dr De Slane 
iders‘ that pos te deviations the milllamnpere sec WO d 
of his he exposures in 
matked the ‘X-ray bulb} ed 
“Tines.: ‘Wish li robles to: bat pring 


“Phat was ‘hot'an ility. In valves had beén_u 
Mas now oscillators. The trouble glass tu 


intetipr of the metal tube mig) eled as 
tubes, ‘of 3 ie tor 10 kw. or 
“mitch; ‘and we" 


ed’ them; with steel tubes the accluded 


rin 


war had foread other work upon him; Sod tubes had’ introduc 


20 years ago, and all-metal tubes provided with — 


by O. Lodge 
insulators had been used on the-continent by Zehnder and by 


Most experimenters seemed, however, to have dropped the metal tube 
eventually. Captain H.’G. Jackson, for some time slip enaa Inspector at 


Sheffield, said they; 


examining heavy 


ordnance forgings Thar steel showed typical 
flaws which so jer they could ouly | discover during ins He to make fairly 
a 


havit arts ired st: th 


f 


t fh ib f 


to; fora 


that’ the’ Post™ ‘Office was. pe ter- 


“and” of ‘their insulati among others—which 


Tay tube ‘coul ‘to attack," and th to try this method ; 
it had ‘alread ‘tiseful int ert going for adulteration: 


few’ photographs, ‘We finally add, ‘will further exemplify t 
18; 19 and 20 Bute of the examinatio 


1 


¢ visible 

the cimen Was Sawn open, along, this line and 
ti 


sible.” ‘Sithilar, ‘ve case, is ilusttat ‘and 
Profestor in the Course gf his phot 

Ww a button was the 

views (Fig . 22). ‘The ‘top and bottom of the button “not 


ge 
"weak intensity with long 
a 
DES 
i 
2, 
is 


full of pores and blowholes; ordinary. 
“remove the gases, but. the peal snd oy 
tivit boron’ suboxide 

Ows 


urther | 
failare ut not, come well, in. our 


odt 


1omson-Houston by. Messrs. . 
ewton and Wright. One of the exhibits “Watson $,,to 

“which we have already referred, was their eas, Watson & $e a 

“nent ‘to outfits, especially designed for the 

rel 
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is Reports d,: one a 
e 


Hamburg American Company and orth German Lloyd, wah 
err Heineken ‘as director. The Germans they, 
“over 4,000,000 tons out of a total of tons,, 
to’ them: is ‘insufficient the trade alone. any pox 
_ Purpose of international competition, are and will be. for, some. ti 
“some without ships. "They should. pot, however, be without funds, seeing 
‘that the direct financial logs’ arising from the, surrender of. 
“does. not’ fall ‘on. them, but, on” yerman Government...’ 
however, is, declared to siderably. by. their 
ving. to their. liabilities to. the Dutch shipping. 
the present rate of exchange will mean a heayy bu 
it is not great, were generous, prgoaliatt of 
companies the war, cand their method 
funds was. sufficient! y fo render it unnecessary, for the latte 
look, elsewh¢re for financial help. The banks. advanced the. mo 
required to build ‘ships and. ‘amounts us “written | 
- for depreciation, “But whether armed with. ample funds or not, and not- 
the really terrible account of the, condition of the, 
Germany desctibed in the parliamentary paper. just, £6 280 
reparations dan d of eh 
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tear-wh ‘in addition’ to the lubrication ‘of the’ 
his! ‘Tatter is‘tisually ‘performed ‘by'a ‘series of 
“delivered pipes mounted near the pomt Of contact’ of the piston 


1ubtication of the vatious bearings supporting the pmion. an 


‘oil pumps are provided, ‘usually ‘the: in’ which the 
spumps ‘are ‘direct’ driver’ from ‘one’ ‘of the''sha afts OF thé geariiig, "in the 
case of double-reduction is the intermediate gear shaft being eniployed 
the the lubricant ‘is delivered ‘to''a gravity 


and to ided’ i 


‘bottom of the gravity ‘tank should’ be: regularly observed) "so ' that 


‘vital is’ the’ question lubrication’ to ‘the operation Of ‘the’ machinery, 
‘that mich “attettion ‘cannot’ be ‘given ‘to’ the and lay-out of the 
oiling’ géar fitted. “The pressiire system lubrication is ‘always’ adopted 
modern “turbine installations’ and.“ in ‘additio providing for the bi 
ion 
4m the direction of motion’ of the teeth, so that there is always film of 
‘jubricant’ preventing the actual” metallic ‘¢otitact'‘of ‘the teeth ‘of the*pinion 
and of the geaf. 'In’faet, it may be’ said that the problem’ of efficient 
q ‘fubrication consists’ of the’ provision ‘and maintenafice' of film of 
oil ‘at ev oint where two metallic surfaces the one the’ other. 
‘the gears being’ supplied ‘from ‘this: tank® by gravity; some form’ of float 
pumps. 
fit’ the 
op 
ainers, 
ing 
3 ings or: the’ gears: Inthe event ‘of the ‘screens oming: 
a however, there must be no bang Hig 2009 of the service, and hence they 
mounted in the gravity tank in large frames, so that the oil can flow 
| necessary | some | strainer to 
the dil before delivery ‘to the ‘machinery.’ There is however, a’ ‘danger 
that these may, on becoming ‘choked"up; interrupt ‘the service; ‘or’ if the 
pumps ate: sufficiently: powerful: the’ ‘strainers: may ‘be: burst, thus” letti 
dirt through:'> Pooavoid this, the’strainer through: a soring-oaded 
pound nich, 
strainers the* will 


to the oil ptimips is pee 


several inches! above’ the bottom of! the 


possi 
even: vith 


38 of ol sok 
lead to a:considerable:f properties. 
oil S| are. arfang ed..on side 


cbetween, the pumps. and. the 

co with a check.v; 


inion | amongst, turbine sine desire is pany as to the. erits 
rine pumps the gear shaft, 


independent pump, recognized under cireumstances. when 
ssel..is maneuvering or! along time,, me ‘pumps may 


we much. to increasing. the; life. of the lubricant;:as' well as; tend- 

sumphify,, the, filtering! arrangements-—* ‘Shipbuilding and 


mp alt ta. oF ad denis 
‘SOME: DEVELOPME! TS IN’AI CRAP ‘DES APPLICA- 
“rit on °DURIN E WARS {tt 
flow | bi GT iio 


wait 
‘By rue: Rieu How, ‘Wan or Howondny 'F 


Anns? to mo ¢(Abri to bthe 


Any.jattempt to. the: progress’ or. development: aviation during 

war, and to) confine sucha review to’ the permissible limits of 
involves a mere indication of some of the more salient features;of the 
development. Moreover, it is: difficult to-confine any such review éntirely 
+o the. scientific: or engineering. a ‘jon account: of the 
Daculiariy close association “of construction. ‘with the: 


-oil 
ings 
additional ‘suction: is, how- 
mit the complete emptyir 
tank is located. 
ing. as large, as conne¢ Pipes, of ample size,,so, tha 
.as-far..as, possibl extreme, rolling and pitching ‘of the. 
‘there: will be no Hi oil, from. the bearings. ‘The .oil. pumps are 
placed;.near.the.drain tanks, and: at as. low.alevel as possible,. in. order 
to 
‘thr 
0; install a small, independent ou pump. oreoyer, wi e direct-driven 
pump) it is\certain that. a-larger, quantity, of oil,is circulated than, is actually 
necessary... he. independent.pumps, while: lacking extreme reliability - 
the policy 6 ign, su: iand production. 
iconsisted: ol duiiaval ‘wing iarid 
Cobet Institution of Eagineers and Shipbuilders, 


pose a total Levine the. mili 38 


For the the ears ant 


the, chairmanship, of 

under, Viscount, Cone was with. duties and 

responsibilities, «The Boar become, Sesponsible, ‘for: the, of 

aeronautical pom the two flying. seryices,,and, for, the super- 

vision of <a of all aeronautical haley this latter responsibility, being 
‘department, of othe, Air Board under 


ar Office tothe of Manitions.... 
of 1917, a movement in favor of concentrating the entire ‘administration of 
everything, relating..to. war; jon. in a:single Government, department 
jthe Air Ministry, under, Secretary of 
: the say air services: -amalgamated to 
t a. ain 
‘he 
force of the..Cro 
ith. to civi 
the Airx,Ministry, the necessity of design and. supply 
authority was: recognized: by the constitution; within the 
Minisiry, ‘Munitions,..of; the. Aircraft, Production, Department; which 
forall .questions design, supply, and 
_ An. appreciation .the progress made in the domain of ply and, pro- 
duction’ can:be obtained from: the fact that the average mon’ and p 
aeroplanes. cither,from. British; or; foreign’ sources -to ing 
during, the Sout months of the: was 50 nth; : while, during 
eries :were :2;200: per 


t; “War, 
of at the ‘date: of, the armistice was: com- 
‘plete: machines per assdciated with marine/enginetring, 
be: of, interest::to; ‘state that,the, total horsepower of ateo engines 


duced in \the-lasttwelve» months! of the war; the total 8,000;000 
brake, éhorsepower, a figure quite comparable the: total 
it's marine engine. output the, count: adt 26% 

more important of these: the period 

this, works from, the Industrial position o ithe: country: at! the 

the effort towards. expansion, was made :— 
The-lack of highly labor,- in particular that: 

production, due tot he almost complete absorption of such ‘labor by other 

-that,sa ety; ensured.on ithe low: permissible the ved 
3. mecessity of. manufacturing 

facilities and organizations, 

4. The grave influence;.on in design shown 


essary by field 


ace th bes ,dmilo bre beoqe to minnixant 


{ 
j 
ANOTES. . } 
‘ 
‘ 
} 
q 
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The and of Alements contributing to 

‘the: . 
_ For example, provision of satisfacto imber was a contin! 


the 
of’ the for’ these! ‘very 


ent ‘treatment;* 


‘production of ball involved: the iprovistela new" falilities 
entirely new industry, ‘while ‘the’ classes’ of 
‘instruments; cameras, radiators and: ‘other’ "attings in ‘case formed a 
problem by itself, 

"The solution of these problems from view 
tutes an’ outstariding: example of: the’ ‘courage and’ ingetivity of 
British ‘industry. mistakes: were but most of the difficulties 
‘of ‘great regret t enterpris ‘up: 

'be maintained 


i largely 
‘tributed to the of technical held by this 
the close of the war. ‘One of the factors contributing fteedom of ‘was 


s, and design and ‘be 
the Roval Ai F bu' he 

ry at-Parn ‘pr t 
in policy should not be taken to: repr ‘onthe many valwal 
‘designs. prod at» Karn si 


tactice, has’ been -wholl 
asa Ww. an ‘particular to the pioneer man: actur 
the, credit is due: for’ their and ingenuity. 


spect 


aeroplanes with the special adaptations to meet ‘marine‘conditions. 


| outstanding feature desired i in war:aeroplane petformarice 
‘was expressed generally as the maximum of speed an imb, and it was 


1} 
| | ‘NOTES. 
off, and we’ were compelled to ‘develop itional ‘sources’ in | 
‘in the Colonies, Actite difficulties ‘were experienced in‘ connection’ with 
avoided in the reduction of these ‘industries ‘to 4’ peace-time basis. 
» The constitution in 1917 iof the first: Technical Department: dealing ‘with 
‘aircraft | resetited one of. the ‘most | | 
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soon perceived thatthe feature could achieved by 2 reduction 
of the weight carried per horsepower. The advance in other Sion aged 
features such as wing section, reduction of air resistance, etc., 

ie, ut could mot be compared in importance with the reduction of 


war, loadings. were were. about 23 per horse- 
war, nearly per ‘Borsepower po per square 
This is a poh le ds oer when it\is considered that. % pounds per horse- © 


péwer_represents the power loading of the total the aeroplane, 


comprising the engine, its petrol and oil, the aerop the pilot 
and all his fighting €¢ equipment. The rate of lrg, demand achi bari in this de- 
velopment entail espon lemand on the skill of the 
lt but it ‘was, found’ th t the-pi alwaye, advanced. rapidly as 
Wi oped f m the ly sec-> 
ing i ons stea evi rom ear 
with undersides and develone almost circular camber, 
high efficiency sections of the day with fla undersides’ 
slightly downwards for the spars; and upper surfaces. with a 
curvature, flattened we ane easy tun aft. 

The illustration, Fig.“1, shows these differences fairly well. It ax Me 
noted as an interesting: fact, that the Germans at no time made use 
a high ‘efficiency section such as the R.A. F, 15 shown. 

Air Resistance—No revolutionary advances have Yess made during the. 
war in “to the feduction of air: resistance, but the ral trend. 
has been ‘more application of previous khowledge conversion’ 
of-piano wire or cable to streamline wires for main i is perhaps the 


most noteworthy feature. Until quite cased stream-line wires were 
not by any other ‘this;alt! 


ough for fast aeroplanes 
the gain is consid ing’ 10 miles an:hour on a‘ with 
were- made of. fairer. 
were more carefully enclosed and’ : 
weantnestes and Factors of Safety—At the Sank ob hostilities very little 
was Known of the of the forces which occur in 
and /certain more ess rules .were. used ining 
strength of the aeroplane: Many~possible methods of fai 
considered and id some cases it was only light shed by 


accidents \progress was made. Certain ‘d ‘defin of failure which 


are now always considered and guarded against cere on Sa after 
“en careful examination and analysis of ‘accidents. eet 
én an aeroplane is flying level at a constant speed the sie toads 
acting vertically on the lifting surfaces (wings and tail) Deft course, 
be equal to the total weight of the aeroplane. Other condti $ must 
simultaneously fulfilled, but this is the primary = 4 
This air load on the wings is known as the no: load 
and is the basis of all strength calculations. wil unit ight in order 
to accelerate the aeroplane, extra forces must be ae crs and so in 
many maneuvers through which the aeroplane is put loads are 
thrown upon the structure. 
/These forces are measured in terms of the unit fight load, and their 
litudes, are determined either experiment. Both 
ods are used, and the Pe ma in knowledge ch $ question, during 
the war, has been one of the principal causes of the elimination of practi- 
and all accidents which may be genuinely attributed to structs! ailure, 
the great reduction in the percentage weight of aeroplane structures. 
experimental method of determining the values of these loads con- 
carrying an accelerometer on an aeroplane. This instrument . 
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ions table will give ‘some 
wi 


hes engineering, the 

if roduction “factorsot 18a ety fe 
loadi which can occur in the structure st e 
its “stress... #43800" 

ith) an, aefoplané® this method; i iss 

i ns, 

d of factors, of 


resutt-of 
of flig 


experience—what extra 
to mee 


ig 


of safety under under this ndition’ 


attor of seven, ‘but this 

6. That as_ 


acl weights, “OF formances, are ac- 
curately ely it, is te, decide to 
proceed rge amount of attention was given c ae careful analysis 
of the weights of all available aeroplanes, good or bad, and tables were 
prepared of which samples are given in Figs. 4, 5 and 6. 


wan and registered the amount of the accelerations given 
to the a 
| mann @ 
illustrat 
recordg 
of the | 
that 
nai -between- common ; 
and R.E. = mes this inereabed to n rly 4. 
it is i design an fure;-but rable 
progress has been-matle.during thewwardn this direction, and it least 
possibl¢ now the-ait, except 
unde and 40 pe? the nilo warned,—/ 
ion .of fal e is ! 
obtai the | highest 
possi es:the 1 to i 
only 
W ccount Of weight 
limit bf load 
facta 11. 
ikely 
the 
| 
her up | 
ore, the facto ight 1s. one, while 
the load facto fe. | use 
pfor a | 
to, of-sa of i 
‘aneuvers*could be 
ir Ww Wi pile ane 4such a iW 
br wil} be“seent fromthe vabove table that 
in as Were Ofilly increased about’ times 
Since} all other increadéd. i “stunts” ‘would-appeat that 
commercial ae ~have-to-contend-with-the heavy loads 
met with in w: ing, and it may be possible on this I 
load factors especially son” heavier “types. “The “shows the 
Analysis of Wewbis\—-As in alk ton vofascience, is ve gely 
{ 


INE: 


‘Tet Waten costed 
236 


‘A 
T OF STRUCTURE UNIT! 100 
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UNIT, 
Foet:Tanns 


MWEICHT OF Unit. 
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a study, and comparison these, results. in 
strength of the various aero much, knowledge 
of was, he interesting was. arrived at—that 


for a range of well-designed practical war types, the structural percentage 
remains roughly constant for aeroplanes total Baths ty varying from 
1,000 pounds to 30,000 pounds, . 

From a theoretical point of view, this i is Somewhat surprising because, 
as is well known to engineers, the law of dimensions lays down that area 
posters as the square ant Ril as the ne of the dimensions, and that 
this will, therefore limit size. fact, a very eminent aerody- 
namic theorist, working. on these, lines years at put the limit of 
the weight, of an aeroplane at about 10,000 pounds. re is very lit 

bt now. aeroplanes of 100,000 pounds are a practical proposition. _ 

Some of the. reasons for this apparent theoretical. discrepancy may be 

of interest... One. is, that the larger the aeroplane, the more sober is the 

method of progression. No, one wants to loop or, do, vertical. banks on 

a big prelate aeroplane, and therefore it is not necessary to, maintain 
as actoron the big type.as.on far. as 

are would possible fat an 

ry factor of only 134 flown without collapse even on a windy 

This statement is on raed for illustration, and must. not be taken 

_that a.load factor of 114. would produce a practical aeroplane; 

id ‘probably be too weak to. stand landing. Another reason for the 

Peeks is, that the bigger "the aeroplane the more detailed can be 

design it becomes possible to use material i in a.more. efficient 


is not considered probable that aeroplanes made of will increase 
igh-grade st steel and duralumin,. it, certainly; possible to 


of Tanna Experiments,—At ‘time. small scale work 
atried out in the wind tunnel. was. r ed as of little. practical 
the results, I do not. t ink it, it 


rk. which was. put: into. tunnel 
ai er 


rstow, as. well as. during was 
Th ‘he data from work is more. to the 
rom tive aspect than for the absolute values obtained, Ay; 
out. their help it is only. too, easy. to, 
where except, to 
‘Some designers have undoub 
-authorities to 
best if. there. is back 
from ‘which t Ye ¢ 
private firms had f or, went \1n , seriously. for 
research, Now there are four or first-class installations jj n, constant 
use by, designers, of the manufacturing firms. ..As. of, more, .im- 
results there now fairly : knowle dge,. of the. best, wing 
bility and sity. are two. means, of obtaining stability 
in aeroplane, first, hy.means of an automatic device, such 
_ and second, by such a disposition of the surfaces of the pe tag that hat the 
ine ‘has inherent Very little hasbeen 
fr the first method, but the second is now yery, latgely employed. 


asis of the 
the 


fs 
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»' Questions relating to. stabil and controllability are intimately connected 
in one on they are ‘Thus it is’ possible to’ have an- tinstable 
which is readily controllable and very popular with 

ibility may, be, considered under three’ heads*— 


“Longitudinal s ot bm 00% 


d the size of this’ for any particular type determines’ within limits the 
aid th of stability. ‘The’ fundamental’ ‘point, however, is ‘the’ position of 
the center’ of gravity of the aéroplatie relative to the main planes. ‘If this 
is too far aft no tailplane can ‘be found to give ‘stability. ‘The farther 
forward the center of gravity, the smaller'is the tail plane ‘required,’ 
The problems’ of lateral’ and ‘ditectional’ stability are very closely ‘con- 
nected, and must be considered together.’ Lateral stabili tf obtained by a 
ving. "the main planes a dihedral angle, and directional stability is' obtained 
b; a proper regatd to the dimensions and ‘dispositions of the a and 
The area of the fin’ and is” a function: of the 
dike ral angle. 
"Phe outbreak’ of ‘war found ‘us a position with 
regard to the development of an ently le aeroplane. The impor- 
tance of this feature from a military pojnt of view had been fully + ape 
and special efforts had been made’ to prodticé’ a stable'and’ at the sa 
time_ controllable That these efforts were, successful 
large due to the late E. T. Busk, of the Revit Aircraft Factory, ‘as it 
n called, and the B.E. 2c a ané, which embodied ‘the ‘results of 
his” work, had "been fully ‘tested’ an gy to ‘possess complete 
adherent stability rior to the outbreak of war. Unfortunately, Mr.’ Busk 
was killed in a flying accident shortly his. experiments had been 
brought to a successful issue. However, his full scale research had been 
cartied so far that the principles iidesiying Of this machine 
could ‘be applied to any other design of aer ubsequently vag 
all machines were designed for inherent ‘sta! ility, except such 
were considered to be ‘more suitable for their specific: work if a tert 
degree of stability! were sacrificed for very quick maneuverability. An im- 
pression was prevalent, at any rate during the first two or three years. 
of the war, that a stable aeroplane must’ necessarily be very heavy on its 
coritrols, “and since quick’ maneuverability "tek an essential for fightin 
scouts, the aim of designers, fpeourages by’ fightirig ‘ pilots,’ was ‘to obtai 
controllability an d quickness of handling, irrespective of 
H 
Tt was gradually realized eat this was a sttataleds view, and that the 
comparatively poor maneuverability of some of the earlier stable machines 
was due, fot to the fact’ of these‘ machines stable; ‘but to the par- 
ticular design ‘of the’ controlling surfaces: PM Sins amount. of re- 
search into the conditions stabi” and controllability 
carried out both from’ the and experimental ,Standpoint, an 
thus revealed’ enough data to enable aeroplanes to be ed combit 
inherent stability with good maneuverability, and as a fen the pre 
against stability, -in small fighting aeroplanes quickly disappear 
A good example of the advantage of this is afforded ty P Captain Ba 
d' been “almost” completely “shot aeroplane practically fi 
itself and ‘only ‘of’ his’ ‘elevator’ he 


able to make a safe landing on the aerodrome. Such a feat Id 
been out oes the question on an unstable machine. eat would have 
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whatev tud: were ‘bom! Tong- 
fatigue, and fai nance of 
ies bane inert ithe di 
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larger ones, did ably,, with, our. 
same conditions, and in the case, of their yery.-large.. 
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-During , war, all 
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eat knowing the 
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is also difficult and to produce. 
vantage an depends. upon. the particu ar function 
required from an vand-also-on the skill ofthe j in over- 
coming the peculiar ties.of “his. ;jBut’the general conclusion 
is that the is- Suit 
biplane ee al epee sizés, and probably 
sizes. perience du Ww; 
been i aight 


should n 
e ‘ange a rotary 
engine copied |fr “the French Giese a combined with stad the synchron- 
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formance in Fact very Tittle ‘si super 
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this were ndinese an head.” 
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ng at’a‘h increased ‘in’ an astonishing ‘degree 
ting at feet reasonably’ sa 
planes could do’ their work ‘at’ tha: Then’ it’ was creased: 
6,000 feet, 10,000' feet and 15,000’ feet, "the! endof‘'the 
even ‘af 20,000 feet was’ unpledsantly accurate.” Whenever’ a new 
“which could at’ dn increased height, 
immune for a and’ conld ‘ Work ‘alriost uniriolested, and 
some cases ‘without perctived ; ‘but this’ period 
and sometimes before’ the type Was appearing in, sufficien 
same state’ of ‘affairs ‘applied’ to’ the’ height at” which 
‘increased from. year ‘to year ‘up to 
good b as well ‘difficulty ‘of 
climb in, ap. aéroplane diving the ‘first two. years of the wat 
CO! Mant inctease in the ‘number of accessori¢s ‘require 
military functions’to be carried’ out.’ These atcessories 
added “to Weight and ‘also to the resistance, ‘and ‘it was 
_ aeroplanes appeared that the Position, becas 


Aéroplaite: —Progtess’ ‘in 
was. engine’ design in’ fact, it 
the w ‘ole. of the 'the detoplatie de- 

‘were waiting: upo: engine designers, ‘atid as soon’ as any Hew 
ne, was developed a satisfactory point, it was but a per before 
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far bigger difficulties in onthe’ whole our motors: were 
not reliable: Ultimately, however, we: progressed: much! further than 
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and ‘By’ ‘reason ‘of size of: 
the 
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external -bracing, .changes: have ix 
1914 of the main: lift, wires 
important; if not: essential ; now; in the eventof 
the loads are taken through the incidence wire which are: thosé seen: when 

rat a wing, from: the side. At the. commencement of, the: war, hatd 
drawn -piano: wire was used for, the’ main‘ and anti-flying wires, in 
many types; when this was not used, stranded cable was employed: 


and initial troubles, due af the metal through vibration 
having. been ,avercome, this is now the commonest form of bracing. Har 


cylinder had . struts of. stream-line section: made: — solid 
spruce, and occasio: steel. tubes. faired) off: toa istreamhsline’ form by 
light fairings were . With the growth in size of aeroplanes and the 
increasing ‘scarcity of suitable wood, built up or laminated struts were 
used. Also, with the standardization of i for aeroplane work, 
and an enormously increased production of these, this ‘paracary became 
It is a most construction,’ pa rly for the 
ing ssis. 
Internal ;bracing wires’ have ‘gone “through: ‘the as 


the main plane bracing wires—at the ¢.;war, piano 


wires wer used, but these,.have universally been 
su rseded by rods, rods, screwed at ‘We todet for 


ring the war also, the of spruce occasioned the de- 
velopment of new methods of spat construction:: These were originally 
one: in “ed berg from on center section to the wing tip and spindled 


t effect of timber. to. 
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ott 
Phe’ braced N girder’ Fi aaod 
“Phe monocoq ue fuselage (Fig: gttiod aks 
ge sconsists’ fore “and” aft’ rails, 
struts and four faces. abe 
ond ‘systeny retains the longerons iid the ‘vere cal’ and’ h 
in place of bra wires: and. fabric, thin three-ply is 
ded ‘to’ the''f 
thohoet ue with the” end consits 
Sheet *o veneer ‘molded to’ ‘On formers’? 
aré ‘provided ‘as ‘balkhead 
There” are! ‘Matieties ‘Of this’ 
ion, of them’ alf is the tubular’ constructiot: ‘of thin 
the forniers oF bulicheads ‘mérely being inserted to stabilize this skin. 
‘the’ ‘three: 'methods ‘of constractioii, first: and third’ were'k 
“before the war, ‘and. modifications ‘have ‘been ‘more 
secon in ‘matufacturé’ than in’ ty 


by them.” "The ‘pi fable: for thik Wad ‘thet 


the service view, of a = 
oF ‘fies in its to bu 
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comes es difficult ae 
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free from obstruction. 
ie regrettable’ accident 'to” this’ machine ofits: first trial in no way 
on the basis design of the machine. 
In a flying boat, the hull has to! function both» as: 
carriage, and as a fuselage, and:itiis not.witommon -te ‘hear 
plane, as a class, being under serious idisadva toithe 
the war has 
i-designed 
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timber, anda still greater in, the futur 
q the demands of t ort.) made 
employ metal for the Avro which was, absorbing ing. 98 

third_of our. total wood which, was..a. thoroughly well- 

| with lor training purposes. 
Lhe experimental work ection was very. considerable, ind 
Was facturers. ‘As a result. it can bi 
nitely. stated, even for 
the wings to be made slightl 

mg oh. they never turned 

win engin 

dangerously overloaded. steel tubes 

not ‘altogether tor, use 38.19, combmed strut and 
the end f the wa Hee A dn. ical 
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tine’ craft. 
dvent ‘of aircraft,’ 
and 
were ‘al plied; lel:pro- 
af bof-a tember of ‘designs. 
“variations ‘métwith ‘in aircraft work ‘ate: very-great/) At the present 
, aircraft speeds vary froin “ap tion be pér hour inthe airship to 150 miles 
while ‘the’ ropeller ‘revo lirtions? 
2,200 '‘pér minute.” With such wide” variations. in cond 
ticker’ method’ of arriving at ' best 
aircraft : ‘prdpelier désigiiérs' ‘had? recourse itiethod 
‘M. Drezweichi ‘iti' 1682 for’ the’ -Of mative: propelle ih cons 
ed of poe Her blade 
sical: Laboratory, 


wood "became stillsis. 
ti JON SUD. 
po adia? pull’ at the root ofa. propeller 
blade! may ‘be- ‘atthe same time the’ propeller has 
to pull “the involving’ ing ‘benditig: moment due ‘to forces’ df. 
mitich as ‘blade. due: to’ these combined forces 
met with’ “for the ‘smaller ‘powers; ‘but ‘at, one “time: it’ was 
hat the size’ be \litnited by’ the ‘maximum power 
‘Ma’ single: propeller: “And sach ‘mi 
discovered th chat instead ‘of the str 
each’ ‘other; ‘it be arranged 
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result: hasbeen ia. better, and more. reliable Nevertheless, 
of ;wood: is not: wholly, ter or future fore’ 
involving flight ‘through. tropical. we therefore ook .forw 
to the: solution of the problem of prope 

Division into Types.—When ag war n the only aeroplane = 
which | witch! iseriously by, the. Wi 

Ssance; and there jis; no doubt ; which, 

veloped by, the Royal: Airoratt, exceti 
aeroplane, thoroughly well. for, its, work, vis 

to carry: any military.load, than. crew,, but the.very 
of the war the military,load required began to. increase, with the the Feu 
all through '1915and, well into 1916 
cameras! apparatus,, which, were: attac 
part: internal or externally... In,order, out, their 
tions, this additional equipment; was:/n but,it 
very considerable reduction in performance,|; 


“gub- 
owance 


She 


internall; th 
As ped the, roles pilot, ‘and, observer. 


and the imself: to, being, 1a of, eyes 

back ofthe pilot's head, whereas, the. ‘pilot had it to do.all 

artillery,.s as-well as fly, the aero 

 SingleSeater Fighter Deve opment well, asidoing one own, scout, 

a to. doing, his..or., to-stop 


othe 


en later,.i enable the aeroplane 
It was f nd 


tent of ‘per 


be fred alofigsid ane, of 

véty fess. wind’ résistance. 

work in a’ ‘sitiifar' ‘matiner’ our 

1916 ‘our’ single-sedter’ fighters’ ‘we ie Geri, 

this period, in addition to the with exposed: 


mance cots ig the oposit 


a 
ved AG iter ent | War; 1S; "no 
unt! clatter, part 08) 1 (amy, appreciable. jmprovement per- 
qt formance can be seen, and = both the speed and the climb go up sas 
was, at: this period, that; the: special, m| 
sequently to August, 1914, first came inte 
was due not only to fae 
propeller di 
to fire upward COnsideradl 
a an oblique method of attack. .T 
a’ itself to be aimed directly at the 
i, d in a line, practically parall 
at,’ by “aitning’ the its 
ing ‘was more “accurate: The’ attachment ‘of’ all’ ‘this gear and’ weight to 
machines‘ ‘which ‘wére not designed! fo ious ‘handicip, 
| 
q 


this: ‘type was in use’ fighting to! a* marked’ degree; 
and in’ the’next type an ‘effort ‘was made to increase view and:maneuvera- 
bility: “This was the’ ‘Sopwith ‘triplane’ with: another» — ae 
110. horsepower 130° horsepower; 

~The loading per square foot had ‘increased; but the per 
power had ‘decréased considerably, and the ‘performance was better. Some 
of the ‘aerodynainie disabilities of the triplane were. overcome -by. the 
pronouticed ‘forward stagger and the*use of a single strut: This. single 
strut system increased the difficulties of manufacture: and ‘repair; 
ticularly’ as° regards truing up ‘Both? this ‘aeroplane: andthe one ore 
it ‘were’ with! only” ‘one! ‘gun, and ‘the rate. of fire 
was consequently ‘slow? 

Tn Gerial’ fighting, the’ whieh’ it’ possible tov holds ‘the: 

the sights is very-short, ‘and: one gun was found insufficient, apart from 

e considerable chance that the ‘one gun might jam at the crucial:moment. 

‘In the’ next’ type, which was in design’ at the of: 1916, ‘and:came into 
production’ in 1917, ‘we see the influence ‘of these considerations) upon: the 
mind’ of the designer, who: by the -way’was Mr. Hawker;: of transatlantic 
fame. We ‘have here avery’ and; though: unstable, an ‘easily con- 
trellable with two “Enormous numbers: of this type were 
produced course of: year'or two-with French and English 
engines which’ increased in’ 150° horsepower. ‘The type was 
nicknamed the “ Camel” beca the:fuselagey: 


The next’ type-on our list he S.E. 5 ‘designed’ at the Royal Aireraft 
escendant 0: 


Establishment; Farnborough: This: is really ‘a: ‘direct 
B.E. 2a with which we started: It was a very long time co 
éral ‘use, principally « owing: to! delays with the engine, a 
water-cooled French Hispano. ‘Opinion’ was by no means unanimous ‘as 
to the fighting value of this aeroplane compared with the “Camel,” ‘and 
each type fad ‘its ‘school of adherents. The' S.E. had’ a better :perform- 
ance, ‘particularly’ ata’ height;*‘was stable-and ‘maneuverable, ‘very’ easy 
to fly; and ‘had better visibility due to the’ pilot being farther back: — 
the other hand, it was much ntore difficult to produce and the engine and 
its accessories gave a déal of trouble both at home and in’ the field. 
By this time’ we had ‘reached a point where the performance'of ‘our aero- 
planes ‘was’ very ‘consider ‘in advance of that of the:Germans, who 
were cramped by their non-e ‘engine’policy, ©) or 
~The text type to’come: into: general’ service was’ the Sopwith “Snipe.” 
The engine here was a'200-horsepower B.R.-2°of British design. It would 
appear that «this ‘size ‘of air-cooled’ rotary ‘engine ‘has af has 
not in fact surpassed, the maximumr size‘ ‘for ‘efficiency.. The performance 
was rather disappointing and: must be attributed tothe enormous: éngine 
diameter ‘and aix resistance. ‘Several competitive aeroplanes ‘from’ différent 
makers were ‘tested simultaneously with: 'thisone}’ and the ‘results “were 
Practically: all the ‘same. surfaces: this 
*Mmaneuvera! was’ mairitai although ‘the’ weight 
‘reached by the avhigh figure. The 
ly governed ne position: ‘entai ie 
of! ‘production scal le before trials of ‘the’ a actual ‘engine 
and aeroplane were: catriedout; 

Finally: we: come to: the’ Martinsyde although 
was never used at the front Previous to the signing Se t ee ice his 
efficiency. Both aeroplane e were very good, and although 


ower French engine, and every scrap’ of unnecessary weight eliminated 
designe Phe’ view, particularly overhead, ‘was not::very: good, | 
but the aeroplane was so handy’ fore' and aft that this did not interfere 
sériously ‘with’ its fighting ‘qualities, This type: lasted con- 


The reached was very. hig 15,000 

feet with a climb to that hei 

The increase: climb from period to period js. shown, on 
on page 


became. very 
Vickers or the 2s, gave'a very(good account of es, until 
time came: whem: their. poor pet formance, Love compared, with the. tractors, 
good two-seated; tractor was the, 


for its engine power (130-ho 
In it the pilot ahead and'd 


ghter quale 

ities This was 
Barnwell’s Bristol Fighter a Fa con, engine. Both. aero- 
plane: and -engine' were exceedingly: good: The ‘view from the. pilot.;was 
Farthen back! anid an che could see over 
the top: being. .closer to his: guriner, they could communicate 
better; communication ini this sort fighter.is a) very. vital. matter, 
and: this type did establish our: super ever, the enemy 

than any: other.. 

our, 2As,, which -we: aye 
seen the development into one-seated fighters’ and two-seated bombers, we 
can trace! also the development ‘of the,|bomber. This. was the type of 
first,used for bombing purposes,.as a ‘useful 
and military | function, was anprcerveds There, were sporadic efforts at 
bomb dropping by 80, Gnome ;Avros, but. when: it developed into organized 
attacks with numbers.of,; aeroplanes, the ori reconnaissance: type was 
used. As soon as the real, requirements of this. work were. understood 
specially designed aeroplanes appeared. In the. early types.the bombs, were 
fitted in all kinds of ;ingenious but crude ways,’ noe pieces of string and 
knives, etc., and attacks were’ made by to :a: low ‘height 
and. the bombs hy. the’ pilot’s judgment. ugteat efforts 
were made the training: of, bomb. droppers and: in; on: sight- 
ing-and_ releasing apparatus, etc,,, accuracy from.a height never really 
ed, and experiments. conducted. towards: the end of last year, proved 
conclusively. that. the , only, to. hit any. isolated: object with certainty 
height before the bombs., Nevertheless the 


positions was carried out, but this aeroplane was capable. of making com- 
Short: raids only, and: when) loaded ‘with’ bombs: could not 


erver, ‘With its moderate speed it was rather an easy prey for enemy 
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sanee' type, a demand for,,.and a) supply of two-seated fighting aeroplanes, 
which could do their reconnaissance work and defend themselves, if at- 

a 

q 

4 

q 

a 

1m With a rotatable Lewis gun turret. tke Nad @ Very good view, Gown- 
wards and all round the rear., This,arrangement, which is, in. principle, : 

i still standard, gave'a very: maneuverable aeroplane owing to the concen- 

ration of the weights; and.on account of its-high performance: the type 
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Beardmore advance as range, while greater 
ping 


buttit be feisty 


De Havilland of the. Aircraft. Manu 


er, horsepower‘ 
of 
oad on 


by day, sim- 
‘the first: largely employed by. 
for ich function irly suited, up-to the of 
pacity, as it was very easy to fly and to land.: The weight-carryi 
was, however, not great, as the engine was only: 70: to 100 
power. When bigger engines became ‘available this bombing. work 
and had ‘a better ‘view for bomb: sighting. 
mére the military 4 corps than: to. the 
Havel service, they get hold of, 
particularly French. ones;:‘such Farmans.' Later, they 
used’ the? strutters, final bance, This: latter 
type*was the’ first really effective design of! night bomber, and. came into 
use ‘early: 1917: Its: general features are so: well known: that: it i 
unnecessary for:me to enlarge-upon them; When,. in: the ‘autumn: o 
1817, a big: program of bombers was laid down, this was the type decided 
more recent experience. 


ree with: powerful motors: The 350 Eagle I 


“HEF, 4 


view the design of a high-speed, oplane is 
| 
signers, irly facturing 
ee Company, found the solution in advance of those of other countries. His 
aeroplanes: éventually had’ wing surfaces of high efficiency: and’ of high 
erficial | combined ‘with structures of | cleanliness and low : 
very ‘Tange tovattack Berlin itself; from a-base in England. 
The actual point-to-point: distance is about 450° minimum 
range of) 1,100 miles was decided:upon. .As the aeroplane would have to 
fly by day, aswell as during. the night; it: was essential to provide'a very 
complete gan defence ‘system. . This meant :a: crew of’ seven; with many 
is. and: much ammunition, apart from wireless telegraph apparatus’ and 
a@ very large. 
the biggest and 
using a system 
wed to be: rea- 
d ade for the building of a f aleurone: 
and arrangements made for the building of a few experimen ; 3 
shipbuilders:in Ireland. In order to. get straight run 
on: the to: avoid interruption, Mr. designer, 
went over to Ireland with a large proportion of his design staff, and after Gon 
six months of very hard work, the first of the batch came over to Crickle- E i 2a 
with the control, were encounte: id surmounted, and on, November, 8, ele 
three’ days before the atmistice’ was signed, two of, these. petoplanes ‘were 
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had little to fear from: enemy. action provided it crossed the lines.at.any 
height above about 3,000 feet;.so as to be out of range of ordinary rifle 
fire from: the ground. The. introduction’ of, the: special anti-aircraft gun, — 
however, very quickly ‘altered :this ‘state’ of affairs, and ‘the. aerop 
driven higher as the accuracy fire improved;:,until, at, the of, t 
war, there was no. inimunity: from’ danger | from, anti-aircraft , fire. a 
hei of 20,000 ‘feet. 
ra long time: it was’ ‘cohsidered that the.idele.of ‘a low-Aying. aeroplane 
being: hit by ‘rifle or machine-gun fire from the ground was so great that — 
we’ should not be justified in-using our pilots and aeroplanes in: this, way. 
The rematkable escapes experienced from time to time by pilots forced, to 
return across the lines at very low altitudes,; encouraged the wen 
that the risks of low flying had: been a good. deal exaggerated,. 
most ‘effective: mode of attac the enemy was gradually. developed... he 
first important success . this direction was, I. beliewe, achieved, by Lieu- 
tenant-Colonel Bishop, who attacked :an! enemy.,aerodrome, soon 
after daybreak, After riddling. the officers’.and men’s quarters with bullets 
from his machine guns he turned his) attention to: the German aerop 
which had been brought out to attack him. He put two or three; 
action on the ground, brought down three..in succession ‘ot into 
the air, and then returned safely to his own aerodrome. : Thereafter this 
method of ‘attack Se. very rapidly; and it proved of the greatest 
value later on, not onl y in breaking up the dense infantry formations ad- 
vancing to attack us after March 21, 1918, but in demoralizing the retreat- 
ing enemy >we subsequently advanced.., A system of co-operation 
between ‘our low-flying aeroplanes and the infantry was also evolved, and 
this proved of the greatest’ value in| keeping the infantry and the head- 
quarters: ‘behind ‘in: touch! with going; on in front. The. aero- 
planes used-were the single-seater fighter—especially the: light, maneuver- 
able “Camel”—for attacking ground targets from very. low altitudes; and 
the standard artillery ‘machine for. the infantry: eb-eperation 
greater altitudes. 
Our casualties in these operations were: naturally heavy, and 

of providing a suitable armored aeroplane arose, As a result 
“Salamander” was designed, and was. just about :to: make! its appearance in 
_the field:at the time of the armistice. This: was a single-seater fighter with 
2 engine, equipped with two Vickers’, guns and a-very amount 
of ammunition for attacking ground targets, while it carried nearly 
pounds of armor: plates, so, arranged as to give the pilot and ait vital parts 
of the aeroplané adequate protection from German armor-piercing: bullets 
fired! from the shortest ranges,’ In spite of this heavy:load it had a-speed 
of, 125. miles per :hour, and ufficiently maneuverable for the pilot to 
make the attack by , at the target,. thus' getting the advantage of _ 
firing°in the — of flight. ‘Had war lasted a few months longer 
this aeroplane: would probably have: bere most ~— work i in hastening 
the German ‘retreat... 


tay Be thiat aero engine rarely re 


the stage of sufficient reduction of weight/ powss 4 aero: ed 
to fly. Beyond this, practical special adaptation: to 
ments had been attempted. pc of the aerial arm in the | 


war, however, speedily sor a he importance of other factors. The 
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Fic, 8.—Bracep N. Girper 
Fic. 8a.—Bracep N. Girper Fusenack. CAMEL. 
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Fic. Coverep FusELAcE. HAVILLAND 10. 
Fic. 10.—Typica, Monocogue FuseLacE (PARNALL, PANTHER). 
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Fic. 11—Meta, Construction. VicKErRs DuRALUMIN. 
Fic. 12.—TanpeM Propenters. Pace V. 1500. 
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Fic. 14.—230 “ Puma” 
Fic. 15.—Bentiey Rotary. 
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Fic. 18.—RENAULT. 
Fic. 19.—160 BEARDMORE. 
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Fic. 20.—140 R.A.F. 4a. 
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Fic. 22.—_N APIER LION. 
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Fic. 23.—350 Rotis-Royce Eacie VIII. 
Fic. 24.—550 GaLLoway ATLANTIC. 
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extension of the range of: operations andthe fosses of machines, due to 
engine’ failure, raised i insistent demands ‘for greater reliability, whilst: the 
easier maintenance called for--engines: of ‘greater all-round 
accessi 

The rapid progress. of flying ‘dill and the adoption of aerial ekrobatics 
‘in created a for engines of short length and quick 
tro ity. 
oo The desirability’ of ing dat reconnaissance untroubled: by enemy ‘at- 

or anti-aircraft fire eanang attention on the necessity of increasing 

‘te? ceiling or maximum ‘height of operation, Coping with: this: most im- 
portant requirement ‘again produced an improvement of the weight/power 
ratio, and the ceiling of :approximately 7,000 feet in 1914:was increased 
to nearly 30,000: feet by the beginning: of 1919. It must be remembered 
also that the diminished: density: at — height decreases the amount’ of 
oxygen taken into the:engine,'and therefore the power which the engine 


deliver. At» 15,000 ‘feet, ‘for: per engine can 
deliver about 200 horsepower. 


extension of ‘bombing at activities ‘at long. ‘ranges ‘emphasized the 


importance of the study of fuel consumption which, for ‘a flight of 6 
hours, amounts to°a -weight per horsepower. The question of ‘the 
efficiency ‘had t to: be studied: in with the 
weight-power ratio, so engine speeds ‘increased t the: aerody- 
namic requirement¢-of the machine demanded reduced propeller speeds:' 

Long before the end of the war:the power requirements of some‘aero- 
planes and seaplanes had far outstripped the’ possibilities of any one 
engine, so that machines four,.. or even more engines, 
were in service orbeing built... 

An important factor affecting. aero-engine-development is the time: “which 
is required to=produce.-a- new--design. about eighteen months 
would have to elapse between the commencement ra the design and a use- 
ful flow of reliable production engines. During most of this period no 
useful practical experience can»be obtained as tothe qualities or defects 
of the new design, and by the time bulk experience of its behavior in 
service is available, it is necessary to:supersede it by.another more advanced 
type. .Less»than half-the time is required for the development and trial 
design, so that the: is generally welt ahead of 
the engine for, which it is-designed. 

n 1914 our, aircraft engine position ‘was by no means. and 
we depended for a large..proportion of. our supplies’ on other countries, 
principally on France, whose Gnomé and Renault engines were | grate pet 
Great ates: were immediately made to-extend our sources of design and 
supply, and by the end of the war British engines had gained, foremost 
place in design, and well/up"to réquirements as regards supply. 

Many of the-éarlier= designs were. cotisiderably influenced by previous 
autémobile engine »practice, but wide: divergence_ of design arid: detail 
soon took place dae to the entirely different nature of-the-conditiofis to be 
faced. In automobile practice silence and good carburation over a wide 
variation of speeds and loads were the most important features, whereas 
those points are of small’importance for an aircraft engine. The task of 

aero-engine designer was still further complicated by the fact that the 
‘order. of, importance., of; the. various features: o the engine is’ different 
tothe of, machine for: which the engine is being designed. 
rtain. entirely, noyel ‘conditions: :had:: to be met and their attendant: diffi- 
culties, overcome. For example, an aero engine must ‘have the ability to 
function in, practically, any. position and, ‘fora time at when com- 
letely inverted. This requirement has hada far-reachi effect on the . 
system \of :aero. engines, a8 it. practically pr 
of, oil..in the crank-case.->; 

The shape of the engine matter. requiring careful for 

arerake as head-resistance, accessibility and small moment of inertia are 
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ges of temperature and pressure through:which an aero ipass 

‘affect | ithe carburation, the cooling ‘system, the lubrication. system, and 
the ignition, to a very serious degree. An aeroplane may undergo a v: 
2 ‘charige of ‘as muchas 75 degretsF. in temperature, combined wit 
-the maximum difference in| moisture. content..of \the | air..;. With ‘water- 
gooled engines, therefore, it has been found necessary to put a thermometer 

im the circuit and. fit the radiator with blinds operated the. pilot; and 
even: with such -aecessories' the maintenance of the water -ati:a: constant 
temperature has often been a matter of great difficulty, and has’ thrown 
‘a heavy responsibility upon the. pilot. At the: same :time evaporation: losses 
‘must be reduced a minimum, asthe amount of: water lost: on. long 
‘journeys is an/important feature;:so :much'so that it is true that the 
‘Atlantic: could not -be flown today with any ‘of> the: ‘water-cooling systems 
were deemed: sufficient at the outbreak :of) war,’ 

intense,.vibration due. to: the: conditionsof ‘high: poor lack 
poe: support under which aero engines must: work impose new arid severe 
-conditions | mechanically .on every part.. The:violent and varying ‘slip 
stream. fromthe propeller also imposes. a new ptoblem as regards ¢ar- 
burettor intake conditions, where again the: seriousness of: fire::risk: yo 
to be: taken into: account ‘and avoided: Probably no‘ detail of the whole 
engine: process’ has received: more expert:and prolonged the 
ignition, and much of, the increased and of 


mizesh att 

‘very severe and inertia which’ 

in aerial. fighting; coupled with the necessity-under stich’ conditions of 

responsé»to the throttle, have necessitated careful design ‘of ‘the 
petrol supply syst¢m to ensure a constant and ‘adequate supply ‘of fuel: 

In addition, length and ‘ramifications of ‘the: fuel’ system have’ ‘in- 

creased, considerably with thé: gtowth im the ‘size’ of ‘machines’ atid in’ the 

engines. Fig.:13 shows a: typical lay-out ‘of system ‘for 

a large modern multi-engined machine. The main® tariks' ate’ 
and: of 1,800 gallons: of Betro 


4 


ib > 


These six tanks feed by gravity to the main collector which is situated in 
the engineer’s cabin. In each of the pipes between the collector and tanks 
is fitted a-non-return valve to obviate any possibility of the petrol running 
from fhe ego tanks into the bottom as these ‘six tanks are not all on-the 

From this collecting box the petrol is lifted by five centrifugal pumps, 
ich are shown below, into the junction boxes, which feed the engines. 
These centrifugal petrol pumps are driven by airserews which are placed 
in the slip stream of the propellers in order that the petrol shall be: pumped. 
up whilst the machine is stationary. If these pumps should fail to act’ 
the-petrol: can still be lifted to the jdnction boxes by the ‘hand’ pumps. 


shown one on each side just above the collector. Pte P ia 
The two distributors or junction boxes feed the engines; that’ on the 
left feeding the: four-bottom engines, whilst the other supplies the two top. 
engines. “As. the petrol supplied: to thése distributors is more thanthat: 
used by the eines. the extra amount passes up to four small gravity 
tanks which will be seen in the illustration which are situated in 
These hold about 15: gallons each. Ag the excess'of petrol 
continues the gravity tanks overflow through return pipes into the maim 
collector. In these pipes: flow indicators are fitted in order that the en- 
ginéer may see that the system is properly working. After the main tanks- 
are’empty and no more-petrol is supplied te the distributors the petrol 
flows from the. gravity tanks into the junction boxes which ensure a° 
further 60 gallons. The two junction boxes are fitted with! indicators to 
show the-pressure or head of petrol supplied. T are also’ fitted with. 
relief valyes discharging back into the collector. “The collector is also: 
fitted with a large filter, ‘through which all the petrol passes«on its:way’ 
de of progress has achieved | the 
great of progr ved in- general. arrange- 
ment of the engine and its cylinders so that the most effective use is made: 
of all the material. With cylinders in line the deadweight loss per horse-' 
power will rapidly decrease after the first cylinder; but after about’ four. 
cylinders the economy to be gained by’ adding more cylinders’ practically. 
ceases owing to the increased ‘size of the crankshaft and bearings 
required to resist torsion: This naturally leads to grouping the cylinders: 
in two rows in V form working ‘on a common crankshaft, ‘with two ‘con-: 
necting rods to ‘each crank-pin. Many such engines have been made with” 
two rows-of either four ‘or six-cylinders each; Further extension’ of this. 
principle has enabled Messrs. Napier to produce a twelve-cylinder engine: 
of 450 horsepower, with three rows of four cylinders (three connecting’ 
to crank-pin);-and weighing. only 1.86 pounds 
addition to. placing cylinders.in line, designers have from the earliest: 
days of aero engines attracted by’ the for ail the 
cylinders radially around a common crank. By this arrangement the 
length of-crankshaft and. crank-case is,-of course, reduced to a mitiimum,’ 
theré. have been erigines with three, five, six,~seven, mine; ten, and’ 
fourteen. cylinders in one or two planes... Of this type the n 
pany produced a 450-horsepower nine-cylinder air-cooled radial 
gine, which-weighs only 1.4% pounds per horsepower, or less than one- 
_ third the weights of similar type-Frengh enginés of 1914-15. = 
_ Radial engines include those ofthe rotary air-c type, and progress. 
in this type-can be-best indicated=by:.taking the French 80-horsepower: 
Gnome of 3.26 pounds per brake horsepower,: and comparing it with the: 
British Bentley engine of 230 horsepower, wéighing only 2.165 pounds per: 
horsepower,°a reduction of about 30 per tent. in spite of the tremendous 
increase in the centrifugal load: With-rddial engines of large size, however, 
the-increased head resistance is a serious objection, and it is not likely that 
method of arrangement can be extended indefinitely as regards size. 
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A saving in weight and great improvement in mechanical efficiency have 
been obtained by eliminating the valve tappet rods and substituting over- 
head camshafts o aon, directly oe the valves. Further economies have 
been effected by mployment of aluminium for the cylinders fitted with 
either steel or cast-iron liners. Pistons are now universally made of alu- 
minium, and the gain in mechanical efficiency has been of even greater 
importance than the cigs of _weight. Hundreds of other details have 
also been the subject mm ‘Study and_ improvement. 

The question naturally ow is, it, that such. ‘have been ob- 
tained in such a short time and in face. of. so io. many, difficulties with regard 
to labor and material. In the first place, the result has. been obtained by 
the free use of money; the question of expense could naturally not be 
allowed to stand-in-the: way of progress in this all-importatit‘matter. Money 
has been spent..on research, on steels and other materials, processes of 
manufagture, inspection» organizations, ete., and the amount of scrapping 
of material parts not).up'to standard has a scale that no 
commercial could adopt,: and live...TThe greatest creditiis due to the 
steel manufac’ for the°mariner in which they with the 
Government on th stolution of. special steéls and the of 
standardized specificatior The. tablesdn page 766 
particulars of th he ieaditie. engipes of 


Part IV. —Navieieion 


Although al t strides haye” “been ade during: in the 
development of scientific _navigatioti- s the dom- 
inating factor in,all flying 

During the war the whole-of our aerial work was:c led by weather 
_ conditions, although the later phases... of 

operations weré carried ‘jn_weather ‘which, before the Would have 
been considered; far to, of.any flying at a The problem 
of fly: ying in anything like a thick, fog.ar)ground mist remains unsolved, 
and if flying in this country is to be a real commercial proposition much 
solid research in this direction» wilbbe wecessary. 

When the war started; navigation was dependent tiiaitily on map read- 
ing. Our machines were fitted with compasses; but these were of in- 
different designs and could not be relied on unless the course could be 
frequently checked by a direct view of the ground below. The design 
of an aeroplané compass se special problems, and the errors in- 
volved in using.@ compass of.the-type used on ships had not. been realized 
before the ware. These problems were successfully invéstigated by the 
late Keith Lucas, who evolved a pea ate. aeroplane<compass. This 
compass and s based on ante -wére-standardized. Even 
with the improved compass, in' unfavorable weather conditions 

e very great.ad in_Jong-distance: bom ng opera- 
_tions, of being gble to concider istatices through were 
clearly realized, a_ special to this a 
practical propo : due to the 
introduction of am* anstrement alled the: furn flying in 
a cloud or a fog bank the pilot loses all. sense of direction, but this. instru- 
ment used in conjunction ‘with the compass enables him ‘to steer a-straight 
course, even in these circumstances. 

At the time of the signing of the armistice we were training pilots in 
large numbers in the use of these instruments, and there is no “doubt that 
the Germans would have had some unpleasant surprises a few months 
afterwards, when formations of bombing — would have suddenly 
emerged from the clouds over the objectives when the inhabitants below 
might reasonably have considered themselves safe. Before any attempt. 
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NOTES. m7 - 
could be made.to attack. them, our, aeroplanes, would have been back, in the 


clouds again and on their way home. acts tivi’), te 
‘Navigation by dead reckoning is, of, course, dependent, on; meteorological 
observations and for. us, therefore, ,a..good, meteorological service / 
sine qua non. It. must be remembered. that on the, Western. front, we, had 
always this. important disadvantage, that the. prevailing, wind. was blowing 
from west to east, thus, tending to drift our aeroplanes away from our. 
lines and: reduce, their, chances of getting back when in ean In spite 
of this the, vast. majority, of air fighting took. place well.on the. German 
side of the lines, and, even, allowing for the German raids.over Eng 
the amount of jreconnaissance and bombing we. carried out over German 
occupied territory was far greater than that attempted by them on our 
side of, the line. . Although, of, course, the credit for this is-mainly due to 
the magnificent ‘spirit of our personnel, the effectiveness of; our meteorolog- 
ical service had ‘some effect m establishing our ascendancy...) 
‘A. few, words. may. be added. about the use.of directional wireless for 
navigation. The Germans used this method for, directing. their Zeppelirts 
in the raid, over England, but the, system they. used involved. the sending 
out of frequent signals from the airship to be picked up by the German 
wireless stations. The latter would then, send out,signals to the airship 
indicating its exact.position.. This system, had the eat disadvantage that 
we also could. pick up pe ‘airship’s. signals .and s locate. its, position; 
we always, knew where they were coming from,.and arranged. our 
defence accordingly. ,Our own system was for the aircraft to carry. the 
directional coils, and by picking up signals from home stations, to locate 
its own. position. . Our. apparatus .was only perfected, late, in, the. war, but 
we counted on using it effectively in the projected raids over: Berlin,.to 
which, I have already referred: With, further research and development 
there are good prospects that directional wireless will be of,the greatest 
value in the long distance navigation of commercial aircraft in the future. 
Future Developments—Any ‘reference. to the future, of aviation. must 
necessarily be very brief and. purely, general, in character.. The rapid and 
ite, abnormal growth in the technique and. application of aircraft. under 
the stress and artificial conditions of war time must now give place to 
the more sober rate of development of peace time.) bh Hs 
Our peace-time Royal, Air | Force, as visualize it, will become a. tela- 
tively. small organization of remarkable. efficiency with the highest’ ideals 
and with the.keenest esprit de corps... Its materiel should represent the 
last word in technical progress such as.can only be achieved by considerable 
expenditure, , Quality must be the keynote of its policy not only in materiel 
An outbreak of war must. see us wit ve : designs. of engine | 
aircraft, tried and. tested, and. with a on which 
n regard to. civil: aviation, one, is naturally unhappy at the, necessity of 
adopting the prophetic-role, but one factor is clear and definite. .Our 
Government must accept the heritage of war experience, and by action, 
support and sympathy, encourage and develop its translation into the new 
channels of peace requirements. j 
The more immediate problems of international and domestic aerial — 
legislation have now been provisionally solved by the International Aerial 
Convention and by the Civil Aviation Act, and it is very gratifying that 
Pipe these directions Great Britain has taken the lead and shown 
way. 
In another direction much remains to be carried out quickly. Our great ° 
mercantile marine in all its technical perfection would avail but little 
without our harbors, docks, lighthouses, charts, and navigational instru- 
ments. We possess fleets of aircraft of reliability and of great perform- 
ance possibility, but our navigational facilities are still almost non-existent, 
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anid | fies“one “of the ‘maint fields: of ‘action’ of our Department 
1 viation. 
‘Outstand appertainable ‘to’ the" new form’ of. transport are 
and’ in ce of “action as*against land: transport requiring 
roads or rails.‘ Thesé ‘constitute the only assets for any commercial future. 
in: Sport is associated with high ‘cost; and speed will always com- 
walue' Early *action' should be taken! ‘in regard’ to'a “few 

, ‘especially’ in’ ‘with equable weather conditions, and 

Hy new’: ‘eoufitties; ifi rail 
Aine ‘such ‘main routes: would ‘be “India,” ‘and Egypt to’ ‘South 

of large flying boats “for Coastal traffic,*for example,’ in 
the West Indies’ and’ ‘New Zea he independence’ of ‘the flying’ beat 
in regard’ to costly its ‘higher of uf safety itt ‘regard 
to landing places is a factor’ of great immediate i ' The Govern: 
tient and ‘the large! transport’ coifipanies, s and railways 

might well collaborate in their eatly efforts, as. the initial financial 
notbe healthy enough for entirely néw enterprises. 

Another aspect mist! not be*neglected—the eficouragement of the 's 
‘and popular use of aitcraft—and: it would: “appear: essential 
great number of ‘wat aeroplanes surplus°to Air Force needs” should ‘be 
distributed at’ a ‘low price’ and as “early as to: the’ many’ stall 
enterprises and evento that community at large may 
have present: enthusiasm and” interest” ‘in aviation ‘maintained: and 
encotitaged?) 

In’ technical of design’ our Ait Ministry: “must 
by developthent contracts, as ‘private enterprise will not ‘be able-to ‘suf 
the developments ‘for some’ Considerable This applies in’ particular 


to erigine development: should also ‘be devoted: to improvements 


in landing carriages’ and landing ‘problems, also the reduction in fire'risks. 
‘Tn conclusion, it would appear that ‘future rate of development ‘will 
depend: almost ‘entirely ‘on ‘the permissible ‘rate of expenditure and ‘on the 
Phave to express my ‘regret’ that tack thes: prevénted this 
from! becoming-more than a seriés ‘of ‘sottiéwhat ‘discontiécted notes; 
itis hoped: that these may prove to record°some ‘of the’ more’ 
factors’ in one of the many gréat ‘wonders of the world war, 
have to express my ‘deep ‘debt of gratitndé to’ 
vie and his partners, Messrs. Bristow, Pippard and: Wafts, fof’ their 
valuable: assistance in’ the preparation of the paper, ‘also’ to: General’ 
Under Secretary of State’ for’ Air, ‘for permission’ to use’ the 
of the different machines, and finally, ‘t6 the different ibe ical con- 
tractors°*for petmission to: use photographs’ ‘the! differen hines.— 
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bertiot zoisionges bats gaiwollot 
orl AND! /Pror J» Ho C. 
Corrin, Eleventh Edition, revised and enlarged, by EuMEk 
B. CoLiins, 259 pages. DiiVanNostranp AND Co,, $3.00 

Prof. Coffin’s “Navigation/and: Nauticdl, an 
old friend. The new edition appears:in the Van» Nostrand 
biriding uniformly with other nauticat:text books. by the:same 

publishers. PUT 

of ‘the Siubject is practically the:same:as that 
of previous editions, but illustrations and problems ‘conform 
to the néw. form: of. the | Nautical :Almanac ‘and |¢onsiderdble 
Space ts given to the exposition-of thé use of lines’of, position ; 
one chapter on theSummer ‘methods:and: ahother chapter: on 
the Maré St: methods: »/The/ figures‘ and 
explanations are clear and concise. bY wot nog 
_o'The: paper! ig absorbent: and: does/tiot lend: itself !to.the 
derscoring and marginal references useful in.a@ béok:to ‘be 

used ifor frequent: reference —-M. 
.ogsod) ,gatbling 0&8 


sed. and rected, BraDL, INES, 305 


: ‘this, the third edition of Mr. Cugie’ s book, many ‘o 
which a peared 1 in “earlier editions worked 
wats, in addition are examples fo for ‘Practice, with 


et 


wers. Several 2 ad itiona al features have e been, embodied a 


the p present edition. It is, an ‘excellent’ ork, with th heory su 
ordinated to practical util ity. | 
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ASSOCIATION) NOTES. 

The following members and associates have joined the 
Society | since’ publication’ of last of “the 

ASSOCIATES. eyadetidug 

England. 
» Barnes, 204 Van | Noyes Hotel, Washi: 

Dillon, Edward Dist. Mgr;; Ko, 
1636 Land Title Building} Philadelphia, Pasi) 
Dimm, Wayne T.; Shipbuilding: Cos 


Thacher Propeller Foundry Co. 


Pabodie, Robt. M. Dist Griscom-Russell. ‘Gass 
836 Monadnock Building, Chicago, Tl. 


Sadtler, Edwin B., 233 Broadway, New York City. 
Stack, Michael, Marble ( Court Apartment, | 637 St, 
Brooklyn, N. Y.. 


“Thacher, Thomas Thacher Propel and, Foundry 


tbe 2h dt. al 


is desired to increase our membership ‘as pos 

sible, and the ‘assistance of members and associates is Solicited. 

It j is especially requested that heads of Engineer Departments 

of vessels bring to the attention of younger: officers the ad- 

vantage to be gained by member ship. ity Isdijostq of betsnibto 
ADDRESSES. 


Do not fail to keep ae Secretary advised of your sacrum 
at all times. | 
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